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PllEFACE.

The arrangement arloptecl in this volume is that which I

liave followed in my lectures during the last few }’ears.

My endeavour has been to render this work as complete

a record as possible of the present state of organic che-

mistry, which, owing to the rapid and brilliant devclo])-

ment of this branch of science, is a somewhat difficult

task.

Of the immense number of organic compounds now

known, only those have been described which have either

a special theoretical interest or are of importance in

medicine or the arts.

My best thanks are due to my friend, R. S. Dale, B.A.,

for the aid he has rendered me in writino- this book.O
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THE CHEMISTRY OF THE CARBON
COMPOUNDS.

INTKODUCTION.

Carbon is one of the most widely distributed elements occurring on
our planet. In the free state it is found in two allotropic modifications,

as Graphite and as Diamond. In combination with oxygen, it occurs

as Carbon Dioxide, forming a small but normal and important con-

stituent of our atmosphere, whilst Carbonates are met with in all

geological formations, often in immense layers, sometimes forming
whole mountain chains.

Far more numerous and varying, however, are the carbon compounds
existing in the bodies of plants and animals, carbon being the most

characteristic and important constituent of all organisms. When any
organized structure is heated out of contact with air, carbon is left

behind in the form of porous, amorphous charcoal. Animal and
vegetable substances are the chief sources from which other carbon

compounds are prepared, and the number of these is so great as to

far exceed the compounds of the other elements taken together : more-
over, new ones are being daily brought to light.

By far the largest proportion of the carbon compounds, and chiefly

those occurring ready formed, contain only a few elements
;
most of

them being formed by the union of carbon with hydrogen and oxygen
;

many also contain nitrogen
;
some only carbon, hydrogen, and nitrogen,

whilst others consist only of carbon and hydrogen.

The substances of which the bodies of plants and animals are built up,

as well as most of the compounds that can be obtained from these

by chemical changes, exhibit certain peculiarities, enabling us to

distinguish them easily from mineral bodies. Formerly chemists
believed that the cause of this difference was, that life was necessary
to their formation, and that there existed an essential difference between
organic and inorganic bodies. Hence chemistry has been divided into

organic and inorganic chemistry. At that time it was understood

C B



2 THE CHEMISTRY OF

both how to decompose mineral compounds into their elements, and
also how to build them up again. With organic bodies, however, it

was not so
;
whilst their composition could easily be ascertained, their

synthesis was found to be surrounded by difficulties so great as to

appear insurmountable, and hence it was assumed that the elements

present in living bodies obeyed laws entirely different from those

which rule inanimate nature. It was said that organic bodies might

be changed into other organic compounds, but that it was impossible

to prepare any such body by synthesis.

The further development of chemistry has shown, however, that

such views were erroneous, and as soon as a clearer insight into the

chemical constitution of organic compounds was gained, methods were
found by which compounds, which hitherto had only been formed by
the process of life, could be built up from their constituent elements.

There exist, however, certain organic substances possessing a

structure essentially different from that of any inorganic body. This

organized structure, which is the sole and direct product of life, is seen

in the simple cell, the germ of all living organisms. This cannot be
artificially prepared, whereas liquid and crystalline organic compounds
have been produced by synthetical methods in such numbers that

there can hardly be any doubt that all of them can be built up from
their elements.

We have now come to the conviction that the same chemical laws

rule animate and inanimate nature, and that the distinctive behaviour

which the compounds formed by the vital process exhibit, depends
only on the fact that they are carbon compounds. The cause of their

peculiar properties is consequently to be looked for in the chemical
nature of carbon itself, and we must therefore first enter upon the

study of the chemical properties of this element, and compare them
with those of the other elements.



THE CARBON COMPOUNDS. 3

QUANTIVALENCE OF THE ELEMENTS.

Chemical Natuee of Carbon.

Elements combine either in the proportion of their combining
weights or in simple ninltiples of them. To explain this fact, we
assume with Dalton that matter is made np of small particles, which
are chemically indivisible and are therefore called chemical atoms. Of
these atoms there exist as many kinds as there are elements. Simple
bodies consist of the same kind of atoms, all of which have the same
weight, whilst the atoms of different elements possess different weights.

The ratio existing between these different weights is expressed by the

combining weights of the elements, which are hence also called atomic

'weights. By two or more heterogeneous atoms being joined together,

a chemical compound is formed. The smallest particle of such a

compound consists of a coalition of atoms, only capable of destruction

by chemical, not by mechanical means, and this is called a molecule.

The smallest portion of a simple body also consists of a group of

atoms or a molecule, not mechanically divisible.

As our unit for the atomic weights, we use that of hydrogen

;

its molecule consistiug of two atoms. The same element also serves

as the unit for the density of gases and vapours. It has now been
found that the densities of all gases and vapours are equal to half

their molecular weights, and that, consequently, equal volumes of

different gases always contain the same number of molecules, or that

any molecule in the gaseous state occupies the same space as two
parts by weight of hydrogen.

When a chemical change occurs, certain atoms contained in different

molecules replace each other. Formerly it was believed tliat one atom
always changed place with another, but we now know that this is

not the case, but that one atom of a certain element often replaces

two, three, or four atoms of other elements. Hence the atoms of

different elements differ in their quantivalence.

Hydrogen is distinguished amongst all the elements by its forming
the most sinq^le compounds, and for tliis reason this element is best
adapted for ascertaining the quantivalence of other elements, of which
those forming volatile hydrides can be divided into lour groups :

—

Hydrogen.

HI
Hj

Hydrogen
Chloride,

Hydrogen H ydrogeii

Bromide. Iodide.

H X H I

Hr j I j

Hydrogen
Fluoride.

H
F

I

J

Water.

Hlo
H j

^

Hydrogen
Sulphide.

H
I s

II j

^

Hydrogen
Sehmide.

Hydrogen
Telluride.
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Ammonia.
Hydrogen Hydrogen Hydrogen
Phosphide. Arsenide. Autimouide.

H) H) H)
11 VN II >P H VAs II ^Sb
Hi Hi H) H)

Marsh gas. Silicon Hydride.

Hi

h) 11 )

Each molecule of the compounds of the first group contains one

atom of hydrogen combined with one atom of another element
;
the

elements of the second group unite with two atoms of hydrogen
;
in

the third group, each element requires three, in the fourth group four,

atoms of hydrogen to form a molecule.

The same relations hold good when these different elements

combine with chlorine, or another member of the first group, instead

of with hydrogen.

Chlorine Monoxide.

Phosphorus
Trichloride.

P

Carhon
Tetrachloride.

Cl

Cl

Cl
Cl

c

Hypochlorous Acid.

Arsenic
Tribromide.

Br
Br
Br

As

Ilypobronious Acid.

n j

Antimony
Trichloride.

Cl

Cl

Cl
Sb

Methyl
Iodide.

H
H
II

I

C

Silicon

Tetrachloride.

Cl

Cl

Cl

Cl

Si

Those elements which do not combine with hydrogen may also be
divided into such groups by comparing the compounds which they form
with chlorine or other elements of the first group.

Potassium Sodium Silver

Cliloride. Iodide. Bromide.

Na) Ag)
Clj i| Br|
Calcium Zinc ^Tagncsium
Chloride. Bromide. I odide.

gfca l}Mg
Boron Bismuth Gold

Chloride. Chloride. Chloride.

Cl
)

Cl) Cl)
Cl Ulo Cl VBi Cl >Au
Cli Cli cn
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Titanium Tin Platinum
Chloride. Chloride. Chloride.

ClN cu Cl^
Cl f

Cl
(

S
(

> Pt
Cl (

Cl) Cl
’ cw

Thus all the elements may he divided into different groups, according

to their power of combining with or replacing hydrogen. Those
)vhich combine with this element atom for atom are termed univalent

elements or monads. Those of the second gi'oup are bivalent or Dyads,

each atom of them requiring two monad elements to form a molecule.

The elements of the nitrogen group, as well as boron and gold, are

trivalent or Triads

;

and carbon, silicon, titanium, tin, and platinum, are

quadrivalent elements or Tetrads.

Monad elements form with one another only few and simple com-
pounds, whilst the compounds of the other groups are much more
numerous and complicated. Thus chlorine and hydrogen combine
only in one proportion, whilst oxygen and hydrogen form two com-
X^ounds

;
of oxygen and chlorine we know three compounds

;
and of

oxygen, chlorine, and hydrogen, as many as five compounds.
In hydrochloric acid the combining capacity of hydrogen is satu-

rated by chlorine, but if one atom of hydrogen enters into combination
with one atom of oxygen, only half the combining capacity of the

latter element is saturated, and the other half can not only be saturated

by hydrogen or by chlorine, but also again by another atom of oxygen
;

but in the latter case again one of the combining units of oxygen is

left free, and in order to form a closed molecule must be combined
with a monad element. The constitution of the oxides of hydrogen
and the oxides and acids of chlorine is illustrated by the following

graphical formulae :

—

Water
Hydrogen Dioxide

Chlorine Monoxide
Chlorine Trioxide .

Chlorine Tetroxide

Hydrochloric Acid
Hypochlorous Acid
Chlorous Acid . .

Chloric Acid . .

Perchloric Acid

- H - 0 - H
H _ 0 - 0 - H

Cl _ 0 - Cl

Cl - 0 - 0 - 0 - Cl

Cl-O-O-O-O-Cl
Cl-H

Cl - 0 - H
Cl _ 0 - 0 - H

Cl-O-O-O-H
Cl-O-O-O-O-H

In a similar manner we can explain the existence of the different

sul])hides of potassium and the acids of phosphorus :

—

K - S - K
K _ S - S - K
K-S-S-S-K

K-S-S-S-S-K
K-S-S-S-S-S-K
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Ilypopliospliorous Acid 1 1 — 0 — 0 - \|j

rhospliorous Acid . II - 0 - O — P

Phosphoric Acid . .II — 0 — 0 — P(^q_||

It is thus seen tliat the atoms of a polyvalent element have the

property of combining with each other in different proportions. This

property is also possessed by carbon, but in a much greater extent
;
for

whilst in the case of other elements the number of atoms uniting in

this way is very limited, lue find it most characteristic of tetrad carbon,

that a very large number of atoms can combine with each other

to form groups acting in a great number of reactions like a single

atom.

But carbon possesses another peculiarity in common with no other

element; all the units of combining capacity in such a group, which arc

not saturated by carbon itself, can be saturated with hydrogen.

Thus, whilst most of the metals do not combine with hydrogen
at all, and the non-metallic elements only form one, two, or at

the most three compounds with hydrogen, we find that there exists

a great number of hydrocarbons, which is daily increased by new
discoveries.

The hydrocarbons are not only the most simple of the carbon
compounds, but from a theoretical point of view are also the most
important, because all the other carbon compounds can be regarded as

derivatives of them, and as being formed, by hydrogen being replaced

by other elements. Thus a considerable number of compounds found
in nature can be j)repared artificially from hydrocarbons, and on the

other hand, as soon as the constitution of a certain compound is under-

stood, we are in a position to convert it into the hydrocarbon from
which it has been theoretically derived. In most of these compounds
a part of the hydrogen is replaced by oxygen or by the monad group
Hydroxyl HO, and in others by nitrogen, or the monad group NH2 .

However, all the other elements can be artificially introduced into

carbon compounds, but there are only a few cases in which all the
hydrogen can be substituted. Thus, the number of carbon chlorides

is very much smaller than that of the hydrocarbons
;
with oxygen,

carbon forms only two compounds, the monoxide CO and the dioxide
CO2 ;

and with nitrogen it only combines in one proportion to form
cyanogen, C2N2. hrom this it follows that the great majority of carbon
compounds always contains hydrogen

;
that there is present in them a

residue of the original hydrocarbon.

We may therefore define that part of our science which is generally
known as Orgmiic Chemistry as : The Chemistry of the Hydrocarbons
and their Derivatwes.
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CONSTITUTION OF THE CAUBON COMPOUNDS.

Carbon is a tetrad element ; its most simple compound is marsh gas,

or methane, CH4. Of the four hydrogen atoms of this compound, one

after the other can be replaced by other elements. For instance, if they

are substituted by chlorine, the following bodies are formed :

—

Methane.

CH,

Methyl
Chloride.

CH3CI

Methene
Chloride.

CH^Cl^

Chloroform.

CHCI3

Carbon
Tetrachloride.

CCl,

By replacing the hydrogen by dyad or triad elements, we obtain

compounds such as

—

Carbon Dioxide. Carbon Disulphide. Hydrocyanic Acid.

CO.3 CS.3 CNH
When two atoms of carbon unite with each other, we have as the

most simple case two of the eight units of combining capacity saturat-

ing each other, six being left free, and thus a hexad group is formed,

from which the hydrocarbon C2Hg is derived
;
by linking in the same

manner another atom of carbon to the hexad group, we obtain an octad

group, &c. The constitution of such groups is illustrated by the fol-

lowing formulte of the corresponding hydrocarbons :

—

CH, C3H8 C4H10

H H H H
1

H - C - H
1

I

H - C - H
1

II - C - II
1

II - C - II

1

H
1

II - C - H
]

. II - C - II
1

H - C - II

1

H
1

H - C - H
1

1

H - C - 11

1

II
1

H - C - II

1

H
We are acquainted with a very large number of hydrocarbons con-

stituted in this manner, forming a series in which each higher

member contains one atom of carbon and two atoms of hydrogen
more than the preceding one, and having the general formula3

CH, . . . . Methane. C4H10 . . Butane.

. . . Ethane. C5H42 • . Pentane.

CsHs , . . Propane. CgH,, . . Hexane.

Parallel with this series there run other series containing less

hydrogen.
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Series Cu H2n. Series Cu H2n -2.

C2H4 . . . Ethene. C2H2 . . Ethine.

. . . Propene. C3H4 . . Propiue.

C4II3 . . . Butene. C4H3 . . Butine.

C5II10 . . . Pentene. . . Pentine.

CeHi2 . . . Hexene. CcHio . . Hexine.

To explain the constitution of these series we must assume that

two or more carbon atoms are linked together with more than one unit

of combining capacity.

Ethene. Propene. Ethine.

CII.3 CII2 CH
II II III

CH2 CH
1

CH
1

CH3

In each of these hydrocarbons we ean replace one or more atoms oi

hydrogen by other elements or radicals, and therefore each forms the

starting-point for a number of compounds containing the same
number of atoms of carbon in the molecule. If we replace one atom
of hydrogen, the compounds thus formed contain in common a group
of atoms, having one atom of hydrogen less than the original hydro-

carbon, and acting therefore as a monad radical, as the hydride of

which the hydrocarbon itself may be regarded.

By acting with chlorine on the hydrocarbons of the first series,

hydrochloric acid is formed, and the hydrogen thus removed is replaced

by chlorine. By the replacement of one atom of hydrogen, the fol-

lowing series of chlorides of monad radicals is obtained ;

—

CH3CI . Methyl Chloride. C4H9CI . Butyl Chloride.

Cgbij^Cl . Ethyl Chloride. CgH^^Cl . Pentyl Chloride.

C3II7CI . Propyl Chloride. CgHigCl . Hexyl Chloride.

In the same way, by substituting bromine or iodine for hydrogen,

we obtain series of bromides and iodides.

Dyad oxygen or triad nitrogen cannot replace one atom of hydrogen,
but the monad groups OH and NHg can do this. In the former case

we obtain a series of important compounds which are the hydroxides
of monad radicals and are called alcohols, and in the latter case

compound ammonias or amines are formed. Like the hydrocarbons,
the chlorides, &c., these new series consist of a number of compounds,
each diflering from the preceding by the addition of CHg. Such
series are called homologous. Compounds are called homologous when
they have an analogous constitution and differ in their composition by
dig or a multiple thereof.

lloinologmis Scries of Alcohols. Homologous Series of Amines.
CH3 .Oil Methyl Alcohol. CIT^.KH.^ Methylamine.

^2^6 • Ethyl Alcohol. C.2H5.NII2 Ethylamine.
C3H7 .OH Propyl Alcohol. C^Hy.NHg Propylamine.
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CaHn-OH
CeH,3.0H

Homologous Series of Alcohols. Homologous Series of Amines.

.OH Butyl Alcohol. C4H9.NH2 Butylamiue.

Pentyl Alcohol. C5H^^.NH2 Peutylamine.

Hexyl Alcohol. CgH^g . NH2 Hexylamine.

The oxygen of the alcohols may be replaced by sulphur or other

dyad elements, and the nitrogen of the amines by other triads, as

phosphorus, arsenic, &c.

In the alcohols, two atoms of hydrogen are easily replaced by one

atom of oxygen, and thus the following homologous series of mono-
basic acids is formed :

—

COH . OH . Formic Acid. C^OH^ . OH . Butyric Acid.

Acetic Acid. C5OH9 . OH . Valerianic Acid.

Propionic Acid. CgOH^^ . OH . Caproic Acid.

These acids contain the group hydroxyl OH combined with an

oxygenated radical, which, like the alcohol radicals, form a large

number of compounds such as

—

C.2OH3 . OH
C3OH3 . OH

Acetaldehyde.

CoOlP . H
Acetamide.

C2OH3 . NH2

Acetyl Chloride.

C2OH3 . Cl

Thiacetic Acid.

C2OII3 . SH
From the hydrocarbons which contain less hydrogen than those of

the first group, similar compounds are derived :

—

Propene. Allyl Alcohol. Allyl Chloride. Allylamine.

C3Hg C3H3.OH
Acrylaldehyde.

C3OH3 . H

C3H3.CI C3H3 . NH2
Acrylic Acid.

C3OH3 . OH
Those compounds, in which two atoms of carbon are linked

together by more than one of their combining units, possess the

characteristic property of being easily transformed into compounds
in which the carbon atoms are joined together in as simple a manner
as in the methane series. Thus ethine combines with hydrogen to

form first ethene, which hydrocarbon, by taking up another molecule
of hydrogen, is converted into ethane :

—

C2H, + H2 = C2H4
C2H:+ H2 = C2Hg

By the same reaction, allyl compounds yield compounds of the

propyl series :

—

C3H3.OH +H2 = C3H7.0H
C3OH3. OH + H2 = C3OII5. OH

Such compounds combine more easily still with the elements of

the chlorine group :

—

DiSL ifrZs::;

+ Cl, = C,H,C), C,lle + Br, = CjHeBr,

The hydrocarbons of the ethene series behave therefore like dyad
radicals; their chlorides, &c., can also be obtained by substituting
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two atoms of chlorine for hydrogen in the members of the methane
series :

—

CgHg + 2CI
2
= CgHeClg + 2HC1

The chlorine or bromine in these compounds can, as is the case

ments or radicals, and thus we obtain alcohols, amines, &c., of dyad
radicals :

—

If two atoms of chlorine are replaced by one atom of oxygen, the

oxides of these dyad radicals are obtained, and by the substitution of

oxygen for hydrogen in the alcohols, acids are formed containing

oxygenated dyad radicals ;

—

The hydrocarbons of the ethine series can either combine with
two or with four atoms of chlorine, and play the part of dyad as well
as of tetrad radicals.

In other compounds we have to assume the existence of triad,

pentad, hexad, &c., radicals. Thus glycerin 03115(011)3 is the alcohol

of the radical propenyl C3II5, which contains three atoms of hydrogen
less than propane, and is therefore a triad radical in which the carbon
atoms are linked together exactly as they are in propane

;
whilst in

the monad radical allyl, which has the same composition as propenyl,
the carbon atoms are combined in the same manner as in propene
C3Hg. Propenyl and allyl compounds are nearly related to the propyl
and propene compounds, and from a member of one group, compounds
belonging to another group may be easily obtained. Thus, by the
action of chlorine upon propane the chlorides of propyl, proj)ene, and
propenyl are formed :

—

When prop}d alcohol is heated with sulphuric acid, propene and
water are produced ;

—

By the action of iodine and phosphorus on glycerin, allyl iodide is

formed

with the chlorides of the monad radicals, be displaced by other ele-

Ethene Alcohol. Etliene-diamine.

Ethene Oxide. Ethenc Alcohol. Glycollic Acid. Oxalic Acid.

C3IIS+ Ch^CgllyCl +HC1

C3llg + 2Ch = C3lI,Ch + 2HC 1

O3II8 + 3CI2 = C3H5CIJ + 3HC 1

C3lL.01I = C3Hg + H20

OH



THE CARBON COMPOUNDS. 11

All compounds in which the carbon atoms are linked together in

the same manner as in the hydrocarbons of the methane series, form

one large group, which has been called the group of the fattij sub-

stances, because most of the monobasic acids, belonging to it, occur in

vegetable and animal fats
;
and these acids form a homologous series

which is very complete and has been long known. The most cha-

racteristic property of the members of this group is that they undergo

chemical changes principally by substitiition, i.e. atoms or groups of

atoms are taken out and displaced by others.

A second group includes those compounds in which two or more
atoms of carbon are linked together with more than one of their

combining units. These bodies possess the characteristic property of

combining directly with hydrogen, chlorine, &c., and thus by addition

are changed into compounds belonging to the first group. This group

is usually called the group of the non-saturatcd compounds, a term
which, however, would imply that these bodies contained carbon

atoms with free combining units, an assumption which for several

reasons appears improbable.

Besides these two groups there exist other groups of carbon com-
pounds, which are richer in carbon than the fatty substances, but
these comport themselves in most of their chemical metamorphoses
like the latter, and only in a few cases form new compounds by
addition, which, however, always contain less hydrogen than fatty

bodies. This class of compounds is again subdivided into different

groups, the best known of which is that of the aromatic substances,

this name being derived from the fact that many of them are found
in essential oils, .balsams, resins, &c. No compound belonging to

this group contains less than six atoms of carbon, the most simple
hydrocarbon of the group being benzene C^Hg, in which of the twenty-
four combining units of carbon, eighteen are taken up by the union
of carbon with carbon, whilst the remaining six are combined with
hydrogen, thus :

—

HC—CH
// \

HC CH
\ /
HC=CH

This linking of the carbon atoms may figuratively be expressed by
saying that they are joined together in an aimular or closed chain,

whilst in the fatty and the non-saturated compounds they form an
open chain.

All hydrocarbons contain an even number of atoms of hydrogen ; this

is, as it will easily be seen, a consequence of carbon being a tetrad.

From this fact it follows further that the sum of the atoms of monad
and triad elements contained in the molecule of a carbon convpound must
also always be an even number.

The observation that by replacing in a hydrocarbon one or more
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atoms of hydrogen by other elements, compounds are obtained whicli

contain in common the same residue of the original hydrocarbon, led

to the theory of compound radicals. For a time organic chemistry
was defined as the chemistry of the compound radicals. This definition,

however, does not hold good, because a great number of inorganic

compounds also contain such groups of atoms, which in a great

number of reactions remain together, and act as compound radicals.

Tims the following compounds contain the radical nitroxyl ISTOg,

which is a monad, nitrogen and oxygen being combined in the fol-

lowing manner ;

—

0

Nitrous Acid NOgH
Nitric Acid NOg. OH
Nitroxyl Chloride . . . . NOgCl

The dyad radical Sulphuryl SOg forms the following compounds :

—

Sulphuryl Chloride . . SO•
. 01

Sulphur Trioxide . . . . SO
2
.O

Hydrosulphurous Acid . • • s Og
1

Sulphurous Acid . . . SO

Sulphuric Acid . . . SO• * ^^2|oH

Hyposulphurous Acid . SO
• 2jsH

Many phosphorus compounds contain the triad radical Plios-
phoryl rO :

—

(Cl
riiosphoryl Chloriile . . . TO Cl

(Cl

ITypophosphorous Acid . . TO -< H
(OH

Phosphorous Acid . . . . PO •< OH
( OH
(OH

PO OH
OH

Pliosphoric Acid .
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The monad group Uranyl UO exists in

compounds :

—

Uranyl Chloride

Uranyl Nitrate

Uranyl Sulphate

Uranyl Sulphide

a number of uranium

UO Cl

UO NO3
UO (

UO (

SO,

UO
UO {

s

Such compound radicals are nothing but groups of atoms which
remain unchanged in a great number of reactions, and so far act like

a single atom
;

it is therefore quite a matter of indifference whether
compound radicals can exist in the free state or not. Thus the

monad and triad alcohol radicals cannot be isolated, but dyad and
tetrad radicals exist in the free state, as for example the hydrocarbons
of the ethene and ethine series.

Whilst in a great number of metamorphoses the compound radicals

remain unaltered, they undergo by other reactions manifold changes.

In some of these the carbon group is left intact : thus ethyl alcohol

yields by oxidation acetic acid, the radical ethyl being con-

verted into acetyl C2H3O ;

—

+ O
2
= ^2^3 0 |.o + H2

O

When we act with chlorine upon propyl chloride, the monad radical

propyl is changed into dyad propene :

—

C3H7CI 4- CI2 = C3HgCl2 + HCl

The dyad radical ethene combines with hydroiodic acid, the iodide

of monad ethyl being formed :

—

C2
H, 4 HI = C2H,I

But in many other chemical changes the group of carbon atoms
is broken up into two or more fragments : thus by heating acetic

acid with an excess of caustic soda, it splits up into carbon dioxide

and methane;

—

C2H,02 = C02 4 CH,

By the action of the galvanic current, succinic acid is decomposed
into ethene, carbon dioxide, and hydrogen ;

—

C,H,0, = C2H,4 2C02 + H2

Such a breaking up of groups of carbon atoms takes place most
easily in those derivatives of hydrocarbons in which hydrogen has

been displaced by oxygen.

On the other hand, by joining two carbon atoms together, we are

able to build up more complicated compounds from simple ones.

By heating methyl iodide with zinc, the iodine combines with the
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metal and methyl witli methyl, and we obtain ethane or ethyl
liydride ;

—

2CH3I + Zn = Z11I2 + C2H0

By the same reaction ethyl iodide yields butane or butyl hydride:

—

2C2II5I + Zn = Z11I2 + CJi,,

If we replace the chlorine in methyl chloride by cyanogen we
obtain acetonitril 02X1311, a body which does not behave like a com-
pound of cyanogen and methyl, because it contains the two carbon
atoms linked together exactly in the same manner as they are in ethyl

and acetyl compounds, and we can in fact easily obtain from acetonitril
'

other ethyl and acetyl compounds.
By these and other similar reactions we are enabled to prepare from

compounds containing only one atom of carbon in the molecule, others

containing a great number, and thus to build up whole homologous
series.

The existence of such series is particularly characteristic of the

carbon compounds. The chemical character of the different series of

hydrocarbons depends on the manner in which the carton atoms are linked

together, whilst the physical properties of each member depend on the

number of carbon atoms it contains. This number may range from
one to thirty or more

;
and in such a case the lowest members of

the series are often gaseous at the ordinary temperature, the highest

solid, and the intermediate ones liquid (the boiling point rising with
the increase of carbon atoms). They nevertheless all resemble each

other in chemical properties.

If we now, in all the members of such a series, replace hydrogen by
chlorine or another element or compound radical, we obtain other iio-

mologous series, the members of which, as might have been expected,

possess also varying physical properties, and a very similar clieinical

character.

A consequence of this is, that whilst the proportionally limited

number of compounds of other elements allows us to elucidate the

nature and composition of a substance by a few reactions, there exist

only a few carbon compounds which can be recognised by quali-

tative analysis. In most cases it is necessary to obtain the compound
to be examined, in a perfectly pure state, to examine its physical pro-

perties, and particularly, when the body is volatile, to determine its

vapour density
;
and beyond that, not only to study its chemical pro-

perties, but also to find its exact composition by quantitative analysis.

Newly discovered compounds are not the only ones which require

such a complete investigation
;
in many cases well-known bodies can

only be identified by determining their quantitative composition and

their vapour density.

It is therefore of the greatest importance to be well acquainted

with the methods employed for the idtimate analysis of carbon com-

pounds and those in use for the determination of vapour density.
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ULTIMATE ANALYSIS OF CAEBON COMPOUNDS.

Determination of Cai'hon and Hydrogen.—To ascertain the pre-

sence of carbon in a substance, it is best to convert it into carbon

dioxide
;
most conipounds of this element are combustible, and when

a sufficient quantity of oxygen is present tlie whole of the carbon is

oxidized to carbon dioxide and the hydrogen to water. This is always

the case if the substance is heated to redness with an excess of copper

oxide. On this fact Liebig has founded a method for determining carbon

and hydrogen quantitatively. To effect this analysis by combustion, a

tube of hard Bohemian glass (Fig. 1 A a) is used which is about 50-60

centimetres long, drawn out to a fine closed point at one end and open

Fio. 1.

at the other. One-fourth of the tube is filled with freshly ignited

copper oxide and well mixed with a weighed quantity (about 0 2 to 0’3

grams) of the substance by means of a brass wire, one end of which
is twisted like a corkscrew (b)

;
more oxide is now added, and the

brass wire is well cleaned from every trace of adhering substance until

the tube is filled.

The tube (c), which is filled with pieces of porous calcium chloride,

by which all the water formed in the combustion is completely
absorbed, is now attached to the open end of the tube by means of a
tightly fitting cork. The carbon dioxide passes through this tube
unabsorbed into a concentrated solution of caustic potash which is

contained in the bulb apparatus (d) and connected with the drying tube
by a piece of tightly fitting india-rubber tubing (e). Both absorption
tubes are carefully weighed before the analysis.

The combustion tube is now placed in a long furnace heated either

by charcoal or gas. After the whole arrangement has been found to

be perfectly air-tight, the part of the tube near the cork which
contains only pure oxide is heated, and when red-hot the portion of
the tube containing the substance is gradually heated, the heat being
so regulated that a slow evolution of carbon dioxide goes on until
the whole of the tube is red-hot. As soon as gas-bubbles cease to

enter the potash apparatus, and the potash solution begins to pass back
into the bulb nearest to the apparatus (owing to the absorption of carbon
dioxide), the source of heat near to the drawn out end is removed, the
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point of the tube broken off, and air drawn through the whole appa-
ratus by means of an india-rubber tube fixed to the end of the potash
bulbs. This operation is necessary in order to pass the aqueous
vapour and carbonic dioxide filling the combustion tube into the

absorption apparatus. It now only remains to weigh the absorption
tubes again, the increase of weight giving respectively the quantities

of water and carbon dioxide produced.
If the solution be a liquid, it is weighed in a little sealed glass bulb

drawn out to a fine point. A little cojjper oxide is put into the tube
first, then the bulb with the point broken off, and afterwards, the tube
being filled with the oxide, the combustion is conducted as before.

Substances rich in carbon which are combustible only with diffi-

culty, are, by using this method, often incompletely burnt
;
the re-

duced copper gets covered with carbon, which, not being in contact

with the oxide, is not burned. In such a case the combustion must
be finished by passing a current of pure oxygen through the apparatus,

which is easily effected by placing a little fused potassium chlorate

at the far end of the combustion tube.

Instead of the method just described another is now generally

employed, which is to be recommended on account of its greater sim-

plicity and the more exact results obtained (Fig. 2). A combustion
tube is used which is open at both ends, one end being connected with
the absorption tubes and the other with a drying ajiparatus through
which either dry air or oxygen can be passed. The part of the

tube near the chloride of calcium tube is to two-thirds of its length

filled with granulated copper oxide, behind which the substance to be
analysed is placed in a platinum boat. In front of and in connection

with the absorption tubes is placed an aspirator, in order to ensure

the passage of the products of combustion through the absorption

tubes, and to prevent them by any chance from passing into the

drying apparatus. After the copper oxide has been heated to redness

the substance is gradually heated, a slow current of air being passed

at the same time through the apparatus in order to drive the products

of the combustion into the absorption tubes. As soon as the whole
tube is red-hot the current of air is changed for one of oxygen, by
which all the carbon left in the platinum boat is completely burned

and all the reduced copper re-oxidized.

This method is very convenient, as after each combustion the appa-

ratus is exactly in the same state as it was before
;
and as soon as it is

cooled down a new combustion may be commenced.

If the body to be analysed contains nitrogen, a coil of copper is

placed in the fore part of the tube, and kept red-hot iu order to

decompose any oxides of nitrogen which might be formed. Without
this precaution they would be absorbed by the potash, and the weight

of the carbon be found too high.

Compounds containing chlorine, bromine, or iodine, yield on com-

l)ustion these elements in the free state. In order to prevent these

getting into the potash bulb, a coil of copper gauze, or, better still, a
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spiral of silver, is placed in the part of the tube next to the absor]>-

tion apparatus.

C
Instead of using copper oxide, such bodies may be

c
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burned with fused and finely-powdered lead chromate, when lead

chloride, &c., is formed. Lead chromate is also employed for the \

combustion of compounds containing alkali-metals or sulphur, to

avoid the formation of alkaline carbonates or sulphur dioxide.

Iktermination of Nitroffen .— INIost carbon compounds containing

nitrogen, when heated with caustic soda, yield the whole of this ele-
|

nieiit ill the form of ammonia. This formation of ammonia is easily

rendered evident by heating some cheese or the white of egg with

caustic soda. There are, however, some nitrogenous bodies, such as

certain cyanogen compounds, which are not acted upon at all by caustic

alkalies, whilst others, such as indigo, morphine, quinine, &c., give

volatile bases containing carbon. There exist further certain com-
pounds, known as nitro-compounds, which are artificially obtained

by the action of nitric acid on different carbon compounds, and
which, on heating with caustic alkalis, give either no ammonia
or only a part of the nitrogen in this form. To detect nitrogen in

such compounds it is necessary to heat them with metallic sodium.

A deflagration takes place with the separation of carbon, and sodium
cyanide is formed, the presence of which is easily detected by treating

the residue with water, and adding to the filtrate first a solution con-

taining a ferric and ferrous salt (a solution of ferrous sulphate which
has been exposed to the air answers well for this purpose), and then

an excess of hydrochloric acid, to dissolve the oxides of iron, whilst

Prussian blue is left behind. Very small quantities of nitrogen can

be found by means of this method. In this case the liquid appears

green after the addition of the hydrochloric acid, but after standing

for some time blue flakes collect together.

For the quantitative determination of nitrogen two methods are in

use. Compounds which give off all their nitrogen in the form of

ammonia are heated in a combustion tube (Fig. 3) with soda-lime,

which is prepared by slacking lime with a solution of caustic soda

and heating the powuler to redness. This mixture does not fuse at a

red heat, and thus prevents the glass from being destroyed. The
ammonia formed is absorbed by hydrochloric acid contained in a bulb
a])paratus, and its weight determined by adding platinic chloride to

the solution and weighing the ammonium-platinic chloride (XlI^Cl).,

4- ITCl . thus formed. This simple and exact method, which was
originally proposed by Yarrentrapp and Will, can also be employed
for such substances as indigo, quinine, &c., since the volatile bases

yielded by these compounds are compound ammonias, forming with
platinic clilorides also double salts, which, like the ammonium salt,

contain two atoms of nitrogen for each atom of platinum. But in

this case the double salt is not weighed, but is ignited, and the quan-
tity of ])latinuni left behind determined. It is safer also, when only
ammonia has been formed, to find the weight of the platinum by
ignition, as the double salt may have volatile carbon compounds
adhering to it.

If the nitrogen cannot be completely converted into ammonia, it
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must be obtained in tlie free state. To effect this the compound is

burned with copper oxide, or, better, a mixture of copper oxide and
mercuric oxide, in a tube, the fore part of which is tilled with red-

hot metallic copper. Previous to the combustion all the air must be

driven out of the apparatus, which is easily done by placing some
magnesite in the closed end of the tube, and heating it until all the

gas given off is completely absorbed by caustic potash. The mixture
of nitrogen and carbon dioxide given off during the combustion is

Fio. 3.

collected over mercury in a wide graduated glass tube, and the nitrogen

which remains in the combustion tube when the combustion is finished

also driven in the gTaduated tube by heating the magnesite again.

After absorbing the carbon dioxide by caustic potash, the volume of

the remaining nitrogen is read off, and from it, measured under given

circumstances of temperature and pressure, its weight can be easily

calculated.

Determination of other Elements.—Compounds containing chlorine,

Iromine, or iodine, are heated in a narrow combustion tube with pure

caustic lime. After cooling, the contents of the tube are dissolved

in dilute nitric acid, and the quantity of chlorine, &c., determined by
precipitation with silver nitrate. Chlorine may also be converted

into silver chloride by heating the substance to be analysed in a

sealed glass tube with nitric acid and silver nitrate. To ensure

complete oxidation it is advisable to add some potassium dichromate.

There exist a few chlorine compounds, which are decomposed by
water, with the formation of hydrochloric acid

;
others yield the

whole of the chlorine by bringing them in contact with water and
sodium amalgam. From these solutions all the chlorine is pre-

cipitated by silver nitrate.

Sidfhur and phosphorus are determined by heating the substance

with pure nitre and sodium carbonate, or by oxidizing it with nitric

acid in sealed tubes, sulphuric or phosphoric acid being formed,
which are estimated by known methods.

In a similar way horon, silicon, arsenic, &c., are determined.

Compounds containing metals leave on ignition the metal either in the

free state as silver, gold, platinum, or as an oxide or carbonate. Some-
times it is preferable to oxidize the compound with nitric acid or with

c 2
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a mixture of nitre mid sodium carbonate. The metidlic compounds
thus formed are converted accordino; to well-known methods of

quantitative analysis into compounds fit for weighing.

Oxygen cannot be determined directly, but its quantity is always
found by difference

;
by subtracting all the constituents which have

been directly estimated from the total weight of the substance taken,

the difference gives the weight of the oxvgen.O O fc/ O
Calculation of the Analysis.—In order to compare the results of

different analyses the percentage composition is first calculated

as follows :

—

(1) 0T46G grams of hexane yielded, by combustion witli copper
oxide, 0 4490 of carbon dioxide and 0‘2135 water.

Now, as 44 parts by weight of carbon dioxide contain 12 parts of

carbon, we find the weight of carbon by multiplying liy or and
the weiglit of the hydrogen is obtained by dividing the weight of the

water by 9. The following equations therefore give the percentage of

carbon and hydrogen in hexane :

—

0-449 X 3 X 100

0140x11
0-2135x100
U-140 X 9

100 parts of hexane consist therefore of

—

Carbon 83-8

Hydrogen 16-3

lOOT

(2) 0'39o grams of acetic acid gave 0-580 of carbon dioxide and
0-235 of water. 100 parts contain therefore

—

Carbon 40-0

Hydrogen

As these numbers do not add up to 100, the difference must be

caused l)y the presence of oxygen, for qualitative analysis has shown
that acetic acid does not contain any other elements but these three.

Its percentage composition is therefore

—

Carbon 40‘0

Hydrogen 6 ’6

Oxygen ... .... 53*4

100-0

(3) The analysis of caffeine, an organic base contained in coffee

and tea, gave the following results :

—

0‘3827 of substance gave on combustion with copper oxide in pre-

sence of metallic copper 0’6948 of carbon dioxide and 0-1800 of water.

0-1350 of substance was heated with soda lime, and the ammonia
(or compound ammonia) evolved was absorbed by hydrochloric acid.
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To this solution platinic chloride was added, and, alter evaporation on
a water-bath, the excess of platinic chloride was washed out with
alcohol. On igniting the remaining double salt, 0 2750 of platinum
was left behind. Now as the salt (NH^ 01)^ + Pt Cl^ contains 2 atoms
or 28 parts by weight of nitrogen for each atom of platinum, or
197'5 parts by weight, 100 parts of caffeine contain :

—

0-2750 X 28 X 100

0-1350 X 197-5
= 28-9 parts of nitrogen.

If we calculate the percentage of carbon and hydrogen as above,
we find the following percentage composition of caffeine

Carbon 49-5

Hydrogen 5-2

Nitrogen 28-9

Oxygen 1G4 by difference.

100-0

The methods employed for determining- the molecular formula from
the analytical data will be hereafter explained. If the substance be vola-
tile, this can be easily done by the determination of its vapour density.

DETERMINATION OF THE VAPOUR DENSITY.

Two methods are employed for determining the vapour density:
we ascertain either the weight of a given volume of vapour, or we
find the volume of a given weight of vapour.

(1) Dmnas' method.—In the first pro-

cess a thin glass globe is employed of

150—300 cubic centimetres in capacity,

provided with a neck finely drawn out.

The exact weight of this globe filled with
dry air having been found, and the tem-

perature during the weighing noted, 5—1

0

grams of the substance are introduced, and
the globe then heated in an oil or paraffin

bath (Fig 4) to a temperature at least 30°

above the boiling point of the substance.

The reason for this is that vapours obey
the laws of expansion by heat and by pres-

sure only at a temperature considerably

above the boiling-point. The air in the

globe is expelled by the vapour of the boiling substance, and as soon

as vapour ceases to issue from the neck, the orifice is sealed before

the blowpipe, the temperature of the oil bath being read off at the

same time. After cooling, the previously well-cleaned globe is

weighed again and the sealed point broken off under mercury, which
rushes into the globe, owing to the condensation of the vapour, and

completely fills it, if the experiment has been properly conducted.
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To find the volume of the iiiercuiy wliicli now fills the globe, it is

poured into a graduated cylinder, and thus the capacity of the globe

ascertained. From the numbers thus found the density is calculated

as follows
;
as an example we again take hexane :

—

Weight of globe with air at 15‘5° = 23*449 grams
Ditto ditto vapour at 110° = 23*720

Capacity of globe = 178 cb. cm.

1 cb. cm. of air at 0° weighs 0 001293 grams
;
178 cb. cm. at 15*5°

weigh therefore—

0*001293 X 178 x 273

288*5
0*218.

The weight of the vacuous globe is therefore 23*449 — 0*218 = 23 231
and that of the vapour 23*720 — 23*231 = 0*489.

1 cb. cm. of hydrogen at 0° weighs 0*00008936 grams, and 178 cb. cm.
at 110° weigh

—

0*00008936 X 273 x 178

383
0*01134.

By dividing the weight of the vapour by this number, we obtain the

vapour density of hexane—

0*489

0*01134
43*1.

As during the experiment the height of the barometer and the

temperature of the air do not change at all, or only very inconsiderably,

corrections for pressure and temperature are only necessary when a

very exact determination is required, which is however never the

case when the vapour density is only used as a means for finding the

molecular formula.

Gaij-Lussac s method .—A high narrow bell-jar (Fig. 5, C) divided

into cb. cm. is filled with dry mercury and inverted into an iron vessel

(V) containing mercury. The substance, of which only about a

decigram is required, is weighed in a very small and thin glass bulb,

or, better, in a little tube provided with a well-ground stopper, and
this is allowed to ascend in the jar, the latter being surrounded

by a wide glass cylinder, which is open at both ends and filled with

. water. The iron vessel is now heated by gas or charcoal. By the
expansion caused by the heat the bulb either bursts or the stopper is

driven out of the tube, and the liquid is soon converted into vapour.

To effect an equal distribution of heat, the water is continually

moved by means of a stirrer {p, m, n). As soon as the temperature has
reached the point at which the determination is to be made, the

volume of the vapour, the temperature of the water, and the height of the

barometer are noted, and at the same time the temperature of the air and
the difference between the height of the mercury inside and outside

the globe ascertained.
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I

I

I

A determmation of the vapour density of pentane made by this

method gave the following results :

—

Weight of pentane .

Temperature of air

Temperature of vapour
Volume of vapour . .

1 leight of barometer

Difference of level . .

OTOl
10

°

91°

59’5 cb. cm.

752 mm.
220 mm.

The pressure inside the bell-jar was conse-

quently equal to that of a column of merciny
of 752 mm. at 10° minus that of a column of

220 mm. at 91°. In order to be able to sub-

tract one from the other we must first reduce

them to the same temperature. Tiie coefficient

of expansion of mercury is 0-00018
;
the heights

at 0° would therefore be

—

L_2 = 74<)-<)

1 fO OOOlS X 10)
'

22022) 210 -4 .

1 + (0-00018 X 91)

The pressure inside the bell-jar was therefore

—

749 9 - 210-4 = 533-5. Ftg. 5.

59-5 cb. cm. of pentane weigh at 91°, and under a pressure of

533-5 mm. of mercury, 0-101 grams. An equal volume of hydrogen
weighs under the same conditions

—

0-00008936 X 59-5 x 533-5 x 273

760 X 364
0-0027992 grams,

and the vapour of density of pentane is

—

0-101

0-0027992
= 30.

This method can only be employed conveniently when the substance

boils below 100°. If such determinations have to be made above
this temperature, oil must be used in the place of water; but the

higher the temperature rises, the more difficult it is to cause the

whole of the liquid to be uniformly heated, and besides there is great

danger of poisonous mercury vapour being given off. But as this

method possesses the great advantage of requiring- very little sub-

stance, whilst by Dumas’ method several grams are lost in driving

the air out, several endeavours have been made to modify Gay-Lussac’s

method, so that it might also be employed for high boiling bodies.

Of the different modifications, that described by Hofmann has begun

to come into general use, as the process is simple and easily effected.
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The apparatus (Fig. 6) con-

sists of a glass tube one
;

metre in length, and about
20 nun. wide, closed at one
end and calibrated. This

tube is filled with mercury
and stands in the little cup
(A), also containing mercmy.
A vacuum is thus obtained,

inwliich the substance (about

a decigram) contained in a

very small stoppered tube is

introduced. The long tube
is surrounded by another
tube, dO—40 mm. wide,

drawn out at the u])per

end, and widening out at
'

the lower end, which rests

on a large cork jn'ovided

with an open narrower tube
CC). Tlirougli the upper end
of the wider tube the vapour
of a liquid having a con-
stant boiling-point is passed.

As the vapour of the sub-

stance of which the density
is to be determined forms in

vacuo, the boiling-point of

the substance is so much
lowered that the vapour den-
sities of bodies boiling at

150 and even higher may
be determined by means of

steam. For producing higher

temperatures, amyl alcohol

(boiling-point 132°), oil of

turpentine (b. p. 160°), or

aniline (b. p. 1 82°), are used,

the vapour of these sub-
stances escaping, togetlier

with the replaced mercury,
through the tube (C), which
may be connected with a
condenser. When the liquid
used for heating, boils

briskly, the space between
the inner and outer tubes
soon reaches a constant tern-
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peiuture, and as soon as the volume ol‘ the vapour remains constant,

the height of the mercurial column, of the barometer, and also the

temperature of the air are observed, and from these numbers the vapour

density is calculated as before. At higher temjjeratures the tension

of mercury vapour must be taken into (;onsideration.

DETERMINATION OE THE MOLECULAR FORMULA.

The vapour of hexane is, as we have seen, 43T times heavier than

hydrogen; the molecular weight of this hydrocarbon is consecpiently

43Tx2 = 86'2. Now, as we know its percentage composition, we
can easily calculate how much carbon and hydrogen are contained

in 80 '2 parts by weight :

—

83-8 X 80'L

TblT

o
72 '23, or 0 x 12 parts of carbon,

10-3 X 80-2

100
— 14T5 parts of hydrogen.

1!
14

72
14

86

Tlie molecular weight of hexane is 86, and its formula C,.11 The
discrepancy between the numbers found and those calculated from
the formula is caused by unavoidable experimental errors, which,
however, being within certain limits, have no disturbing inlluence.

The vapour density of pentane is 36, and its molecular weight 72.

The percentage composition of tliis hydrocarbon was found to be

—

Carbon 83‘3

Hydrogen . . . 16‘7

One molecule therefore contains

—

lOO-O

83-3 X 72

lUO

16-7 X 72

too

59b76 or 5x12 }>arts of carbon,

12’0 parts of liydrogen.

and its molecular formula is CgH^^.

A great number of carbon compounds are acids. To hnd the
molecular weight of such a compound we have only to ascertain

the basicity of the acid, and tlien to determine the quantity of a

metal contained in one of its anhydrous normal salts. The silver salts

are generally best adapted for this purpose, as they usually crystallize

without water, and moreover can be easily obtained in a pure state.

Acetic acid is monobasic
;

100 ])arts of silver acetate leave on
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ignition 64’67 parts of pure silver
;
the molecular weight of this salt

is therefore

—

100x108

Silver acetate differs from acetic acid by containing one atom of

silver in the place of one atom of hydrogen, and the molecular weight
of the acid is therefore

—

(167 - 108) + 1 = GO.

100 parts of acetic acid contain

—

Carbon
Hydrogen
Oxygen

40-0

6-6

59-4

100-0

Consequently, one molecule consists of

—

Carbon . . .24 =2x12 = 2 atoms of carbon.

Hydrogen . . 3-96 = 4x 1 = 4 „ hydrogen.

Oxygen . . 32 04 = 2x16 = 2 „ oxygen.

The molecular formula of acetic acid is therefore O^H^Oo, and that of

silver acetate C
2
HgAg02 .

Meconic acid, a compound found in opium, is a polybasic acid.

On adding silver nitrate to its aqueous solution, a white silver salt

is precipitated
;
but when silver nitrate is added to a solution neutral-

ized by ammonia, a yellow insoluble salt is obtained. The composition

of the acid and the two silver salts is as follows :

—

Carbon . .

Meconic
Acid.

.
42-0

White
Silver Salt.

20-2

Yellow
Silver Salt.

15-9

Hydrogen .
2-0 0-5 0-2

Oxygen . . . 56-U 27-0 21-9

Silver . . .
— 52-3 62-0

100-0 100-0 100-0

If we divide these numbers, respectively, by the atomic weights of

the elements, we obtain the relation between the number of atoms of

the constituents

—

42 : 12 = 3-5

2 : 1 = 2

56 : 16 = 3-5

The most simple formula of meconic acid deducted from tliese

numbers is C^H^Oy, but whether this, or a multiple of it, expresses

the molecular formula cannot be decided by analysis. In the two
salts different quantities of hydrogen are replaced by silver. The
white salt contains for each seven atoms of carbon

—
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0-5 X 84

20-2

52‘3 X 84

= 2’1 parts, or 2 atoms of hydrogen,

= 217 parts, or 2 atoms of silver.

In the yellow salt we find

—

0-2 X 84

15-9
= 1*05 parts of hydrogen.

62-0 X 84

15-9
= 327‘5 parts, or 3 a4oms of silver.

From this we conclude that the acid is tribasic, and that the

forrnula represents a niolecule; and, as a further confirmation,

we find that we also know acid salts containing only one atom of a

monad metal. The molecular formulse of the above compounds are

therefore— Meconic acid

White salt C7H2Ag207
Yellow salt C^HAggOy

A great number of carbon compounds containing nitrogen are

bases, which combine with acids like ammonia
;
some are monacid

bases, others are polyacid. To find the molecular weight of such a

compound, we have only to ascertain the quantity of acid contained

in an anhydrous normal salt, or, better still, to find the quantity of

platinum present in the double salts, formed by the combination of

the hydrochloride with platinic chloride, and which, like ammonium-
platinic chloride, contain two molecules of hydrochloric acid for each
molecule of platinic chloride.

Caffeine is a monacid base
;

its platinum double salt contains two
molecules of caffeine, and two molecules of hydrochloric acid, combined
with one molecule of platinic chloride

; 100 parts of this compound
leave on ignition 24'6 per cent, of platinum

;
consequently, to find

out in how much of the platinum salt one atom or 197’5 parts of

platinum are contained, we have

—

197-5 X 100

24-6
806-9.

From this we find the molecular weight of caffeine by the equation

—

2x + (2 X 36-5) + 339-5 = 806-9

ar = 197-2.

As we know the percentage composition of this base, we can easily

find its molecular formula :

—

197-2 X 49-5

100
197-2 X 5-2

100
197-2 X 28-9

100
197-2 X 16-4

100

= 97"6 of carbon.

= 10 -3 of hydrogen.

= 57 0 of nitrogen.

= 32-3 of oxygen.
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One molecule ot“ catleiiie consists, therefore, of

—

97-G

12
= 8' I atoms of carbon

10;3

I
l()-3 atoms of hydrogen.

57

14
44 atoms of nitrogen.

2 0 atoms of oxygen.

As these numbers must be simple multiples, the formula of

caffeine is CgHjoN402 -

The largest number of carbon compounds are neither acids nor

bases, and when the body under examination is neither volatile nor

capable of forming definite compounds, its molecular weiglit can be
ascertained only by an exact study of its chemical metamorphoses.
Thus, grape-sugar has the same percentage composition as acetic acid,

its most simple formula being CHgO. It belongs to the so-called

non-saturated compounds, and combines with liydrogen to form
mannite CgH^^Og, an alcohol of the hexad radical C^Hg, being hexane
CgH^

4 ,
in which six atoms of hydrogen are replaced by six of hydroxyl

CgHg (OH)g. This is proved by the fact that we can easily transform
it into hexane by the substitution of hydrogen for hydroxyl. From
this we conclude that grape-sugar likewise contains six atoms of

carbon in the molecule, and has the molecular formula CgHj,Og.

Starch contains in 100 parts

—

(4110011 44‘44

Hydrogen . 648
Oxygen 49 38

lOOOO

By dividing these numbers by their atomic weights we obtain the
f illowing relation between the number of atoms of the constituent
elements :

—

^•44
12

648
1

49-38

16

• ) (
(I

6-J 8

3-on

The most simple relation between these numbers is 6: 10: 5; but
as we have not so far been able to ascertain the molecular weight of
starch, we use for the present the most simple formula, or as the
whole chemical character of starcli shows that it must have a very
liigh molecular weight, we write the formula
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EMPIRICAL, RATIONAL, AND CONSTITUTIONAL
FORMULAE.

The simplest mode of expressing the composition of a body is to

write side by side the symbols and numbers of the constituent

atoms :
—

C„Hg . . Ethane.

C.^HgCl . . Ethyl Cldoride.

C^HgO . . Ethyl Alcohol.

C2H-N . . Ethylamine.

C\H^oO. . Diethyl Ether.

C.jH^O., . Acetic Acid.

(t,n.,0('l . Acetyl Chloride.

C2H3CIO2 Chloracetic Acid.

C^Hg02 . Ethyl Acetate.

C2H4 . . Ethene.

CgH^Clg . Ethene Chloride.

C2HgO., . Ethene Alcohol.

C.2H4O.J . Olycollic Acid.

CgbROj . Oxalic Acid.

Such formuhe are called empirical formulrr. Rut as the number
of carbon compounds is so very large, and as there exists amongst them
a considerable number of Isomeridcs, i.e. compounds having the same
])ercentage composition but possessing very different physical and
chemical properties, it has been found necessaiy to use others as well

as these empirical formulae, for the purpose of giving an idea of the

chemical character of the body, or to express the relation it bears to other

compounds. We call such formuhe rational formulae. Thus, all the

ethyl compounds contain the monad radical CgHj;, and we can repre-

sent those contained in the table given above as follows :

—

C2H5 ) Ethane or

H I Ethyl Hydride.

C.,H,

)

0 Ethyl Alcohol.

j
Ethyl Chloride.

C,H,

)

H vN Ethylamine.
Ill

These formulae express that, when we replace, for instance, in ethane
one atom of hydrogen by one of chlorine, we obtain ethyl chloride

;

and that, by substituting the chloride by monad hydroxyl or the

monad group NH2, ethyl alcohol or ethylamine are formed. The
formula of alcohol further indicates that its constitution is analogous to

water, and that it may be regarded as water in which hydrogen has
been replaced by ethyl. From the rational formula of ethylamine it

follows that it has a constitution similar to that of ammonia. By
replacing the hydrogen in the hydroxyl of alcohol by ethyl we obtain

PH)
diethyl ether r D, which may be regarded as water in which

ethyl occupies the place of hydrogen.

By acting on alcohol with oxidizing agents, two atoms of hydrogen
are taken out and their places are occupied by one atom of oxygen,
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acetic acid being formed, Avliicli stands in the same relation to acetyl

chloride as alcohol does to ethyl chloride. Acetic acid contains like

alcohol the group OH, the hydrogen of which can be replaced by

etliyl, ethyl acetate being formed. These acetyl compounds can

therefore be represented by the following rational formulae ;

—

C,II,0
H }

0 Acetic Acid.

C,H30
CA

C^HsO 1

01 j

O Ethyl Acetate.

Acetyl Chloride.

The monad radical acetyl is contained in a large number of com-
pounds

;
it is derived from ethyl by the substitution of two atoms of

hydrogen by one of oxygen. The constitution of ethyl may be repre-

sented in the following manner :

—

CHg

OH.,

1

What is now the constitution of acetyl ? It may be obtained from
ethyl in three different ways

;
either each of the two carbon atoms

loses one atom of hydrogen, or the oxygen combines with only one of

the two carbon atoms, thus :

—

/OH, CH3 OHO
0\1 I

I

^CH CO CH.3

Now all transformations of acetic acid and other acetyl compounds
show, that acetyl contains the group CHg, from which it follows that

the second formula represents the constitution of acetyl, and to

express this we may write the acetyl compounds in the following
way :—

•

CH3 • CO
I
Q j

CII3 . C^O

I
Chloride.

P>y taking two atoms of hydrogen out of ethane we produce ethene
C2II4, in which one carbon atom is linked to the other with two com-
bining units :

—

CH.3

II

CII2

This hydrocarbon combines readily with chlorine, ethene dichloride
being formed, in which the carbon atoms are linked together again as
they were in ethane :

—

CH2CI



THE CARBON COMPOUNDS. 31

On replacing the chlorine by hydroxyl we obtain ethene alcohol:—
CH., . OH

I

CH„ . OH

PH'-2^4
I Cl

C,H,

The constitution of the ethene compounds may also be expressed

in a more simple way, thus :

—

OH
OH

which means that both these compounds contain the dyad radical

ethene.

Ethene alcohol yields by oxidation glycollic acid, a compound
which can also be obtained from acetic acid. By the action of chlorine

on the latter compound, chloracetic acid is formed, one atom of

chlorine substituting one atom of hydrogen in the group CHg. When
CH Cl CO ')

chloracetic acid ^
|
0 is acted upon by caustic potash, the

chlorine is replaced by hydroxyl, and potassium chloride and glycollic

acid are formed :

—

CHgCl . CO
H

0 + KOH = CH
2
(OH) CO

H 0 + KCl

By further oxidation of glycollic acid we obtain oxalic acid, the

two remaining atoms of hydrogen of the ethene being substituted

by oxygen. The constitution of these different acids we may
represent thus :

—

Chloracetic

Acid.

CHgCl

Glycollic

Acid.

CH, . OH

Oxalic

Acid.

CO . OH

CO . OH CO . OH CO . OH
In some cases it is convenient to resolve such constitutional

formulce still further, in order to explain cases of isomerism, &c. In
order to do this we may represent the quantivalence of elements by
straight lines, thus :

—

Hydrogen. Oxygen.

H— —0—

And by aid of these symbols the

arrived at :

—

Ethane.

H H
I

I

H—C^ C—

H

I I

H H

Nitrogen. Carbon.

I—c—

following graphical formuhe are

Ethylamine.

H H
I IH—C C—

N

II

H
H H
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( ’hloracetic I Etliene.

It 1I\ /\ /H
i

Cl—C
ro
C

c c

h/ \/

H 0—11
Kthene Dichloride. O.xalic Acid.

H 11

1 1

/ c c ^

1__C C—Cl
1

1

1 1

fi_0 0—11
H n

It need hardly be mentioned that such formuhne are not intended

to express how the atoms are arranged in space, because of this we
are totally ignorant

;
they simf)ly are intended to give an idea of the

manner in which the attractive forces of the atoms, forming the

molecule, are distributed.

ISOMERISM.

Carbon compounds having the same percentage composition, but

dihering in their physical and chemical properties, are called Isoine-

ricles

;

they are divided into three groups.

(
1) Isomerism pro^oer.—The isomeric compounds belonging to this

division contain the same number of carbon atoms linked together.

It is easily understood that isomeric hydrocarbons of the marsh-gas
series can only be produced by the carbon atoms l>eing differently

grouped,

possible.

and that of tlie three lirst members no isomeride

('ll, (TI, CIl,

1

(TI.,

1

1

CH3

The fourth member C'^II^q is deiived from the third by methyl
taking the place of one atom of hydrogen. Now this substitution

can either take place in one of the two methyl groups of propane, or

in the group
;
cousequcntly two isomerides C^IIj^ are possible.

and V)oth are known :
—

CH, CH.,CH

1

\/
CIl, ('ll

I

j

CTl,

1

1

CII3

CII3
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Of the fifth member three isomeric forms are possible,

which are also known :

—

CTL, CHg Cllg dig

1

\/
1

CH.,
1

ClI (Ml.,—C—CH
I

1

Oil.,

1

1

CIT.,

1

(Jll^

1

CH„
1

Cllg

I

Cllg

Amongst the higher members the number of possible isomerides

increases rapidly.

In the same way the isomerides existing amongst the non-saturated

hydrocarbons are constituted, but the number of isomeiides which
may exist in these groups is much larger than those of the marsh-gas

series, because hydrogen may be wanting in different ]jlaces. Thus
three isomeric forms of C^Hg are possible :—

•

dig CHg dig CH
1

1

\/
CH.,

1

^
CH
II

C

1

CH
II

CH Cllg

II 1

CH., CHg

The isomeric hydrocarbons of other series are produced by similar

causes
;
thus from benzene C^Hg a great number of hydrocarbons are

derived by hydrogen being replaced by alcohol radicals.

If, for instance, ethyl be substituted for one atom of hydrogen, we
obtain ethyl-benzene, which is isomeric with dimethyl-benzene :

—

c„hU',H
5 I

g[3

It has already been pointed out that all other carbon compounds
may be regarded as derivatives of hydrocarbons, simple or compound
radicals taking the place of hydrogen. By such substitutions, how-
ever, one and the same radical may replace hydrogen in different

positions, and thus the number of possible isomeric carbon com-
pounds is very large. The following examples represent some of

the simpler cases :

—

Buopyl Iodide Cyi-I.

Prini.iry. Secondarv.

CHg dig
1

CH.,
1

^
CHI
1

CH.,I
1

dig
a D
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Butyl Alcohol.

Normal.

CH3

1

CM,
1

Secondary

.

CII3

1

CII2
1

From Fusel Oil

CII3 CH3
\/
CH

Tertiary.

CPI3 CH
\/
C.OII

1

1

CII,
1

CII.OII
1

CII2.OII
1

CII3

CII.,.011

1

C1I3

- Ethene
Chloride.

CI1 .,C 1

Ethidene
Chloride.

CII3

1

CII.,C 1

I

CHCl,

Propionaldehyde. Acetone.

CH3 CH.,
1

I

CH^
1

CO
1

COH
I

CH3

C3H,0

Proiiene Oxiiie. Allvl Alcohol

CII
3

CII
2

1 II

CH.

1

)o
CII 2

CH
1

CH,.OH

(
2

)
— Compounds liaving the same composition and

the same molecular weight, may also be formed by different radicals

being linked together by the same polygenic element. Of such
bodies, which are called metamcric comjwunds, a very large number
are known. In ammonia, for instance, one atom of hydrogen after

the other may be replaced by alcohol radicals, and thus we are

acquainted with the following metameric amines having the empirical

formula CgHgN:—

ri'ojwlamine.

N ] II

(h

foil..

\n
N-i (UL

Triinetlivlaminn,

K CIL,

i CH3

By introducing an alcohol radical in the place of hydrogen in the
hydroxyl of an alcohol, ethers are obtained, which "are metameric
with other ethers as well as with an alcohol, as the following example
shows :

—

Hexyl
Alcohol.

Coir^ao
II 1

^

Empirical Formula
0 14

Methyl -Pentyl
Ether.

('I [3

1

0
C.H. '

^

Ethyl- Butyl
Ether.

an, 1

'ti

0

Dipropyl
Ether.

1 0

A very large _nu miter of metamerl I 's ire found amongst the ethers
of the monobasic acids.
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Caproic Acid.

Empirical Formula
Methyl Pentylate. Ethyl Hntyiate.

CH3
i

Butyl Acetate.

(
-

AH.r

c^ipo
I
„

Pro])yl Pro)>ioiiate.

y,H,o I „
CsH,

)

Pentyl Formiate.

CKO

(3) roJi/nierism .—Compounds having the same percentage composi-
tion, hilt different molecular weights, polymeric. A very striking

example of polymeric compounds is furnished by the hydrocarbons of
the general formula Cnllan-

Ethene .... C.
2
H^ Pentene . . . CgHjQ

Propene .... C^Hg Hexene . . .

Putene Heptene . . . CCHj

The following compounds are also polymeric;

—

Acet}dene . . . C.^H^

Benzene .... OgHg
Styrolene . . . Cyij,

llydrona])hthalene Cyi^o

Formaldehyde. CH.,0
Acetic Acid . C.

2
H^O.,

Lactic Acid . CgHgO^
Grape Sugar . CgH^gOg

PHYSIC.AL PPUPEPTIES OF THE CARBON COMPOUNDS.

Specific Gravity.— li has been already pointed out that the specific

gravity of gaseous compounds, or their vapour density, is equal to half
their molecular weight ; equal volumes of difih'ent gases contain the

same number of molecules, or cdl gases have the same specific volume.

Amongst liquid carbon compounds also, simple relations between
their specific gravity on the one hand, and their molecular weight

and chemical constitution on the other, have been found to exist.

These relations are most clearly recognized by comparing the specific

volume of liquids. To find the specific volume of a liquid we divide

the molecular weight by the specific gravity. But as the specific

weight changes with the temperature, it is obvious that such a com-
parison of specific volumes cannot be made at any arbitrary tempera-
ture, and it has been found that they are only comparable at a

temperature at which their vapours have the same tension, as for

instance at their boiling-points.

Ethyl alcohol boils at 78'4°, and has at this temperature the specific

gravity OToGO
j

its specific volume is therefore :

—

_ r -y.r

U-73GU
“ - ^

M^hich means that 4G grams of alcohol have at 78-4° a volume of

G2’5 cb. cm.
D '1
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r>y com])ariiig the specific volume of dilferent li(|uids, the following

law's have been found :

—

(1) The difference of CTI.^ in liomologous series corresponds to a

difference of 22 in the specific volnnie :

—

Formic Acid .

Molecular
Wei<flit.

. . 46 .

.Specific

Volume.

. . 42 .

Dillereuce.

Acetic Aciil . . . GO . . . G4 . 22

Propionic Acid . . . 74 . 8G 22

Putyric Acid . . . 88 . . .108 . . . 22

Valeric Acid . . . .102 . . . 130 . 22

From tliis it follows that the group Clio has the specific volume 22.

(2) Compounds containing as many times two atoms of liydi'ogen

less, as others contain one atom of carbon hiore, liave the same siiecific

volume or the specific volume of one atom of carbon is equal to that

of two atoms of hydrogen :

—

Octane CgH^s . .

Molecular
Weight.

. . 114 . .

.S))ecific

Volume.

. . 187

Cymene yr
^10^14 • . . 134 . . . . 187

Eiliyl Ether C,FLA) . . . 74 . . . . lOG-8

I’henol CpieO . . . 94 . . . . 106-8

Now as the specific volume of CII
.2

is 22, and that of hydrogen

half that of carbon, it follows that the specific volume of carbon is 11,

and that of hydrogen 5'5.

(3) Isomeric and metameric compounds have generally the same
specific volume

;
amongst the exceptions we find a number of oxygen

compounds. AVhilst, therefore, the specific volumes of carbon and
hydrogen remain the same, that of oxygen varies. This variation

depends on the manner in which the oxygen is combined with the

carbon. AVhen one atom of oxygen is linked to the carbon atom by
one combining unit only, its specific volume is 7'8

;
but when com-

bined to carbon by both units its specific volume becomes 12'2. The
specific volume of dyatl sulphur varies also : when united with one
combining unit it is 23, but when with both it is 28'G.

The specific volume of nitrogen in the amines is 2'3, in cyanogen
compounds 17, and in nitroxyl IST)^ 17'4. The S])ecific volumes of the
monad elements of the chlorine group do not exhibit such variations.

They are Cl = 22'8. I’.r = 27’8. 1 = 37T).

Fy means of these numbei's llie specific gravity of a liquid carbon
compound can easily be calculated. The following table shows how
near these calculated numbers agree with those deduced from the
specific gravity :

—
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Specific Volume at the Boiling Point.

Water . . .

Formic Acid .

Ethyl Alcohol

.

Acetone . . .

hlercaptan . .

Aniline . . .

Acetonitrile

Ethyl Nitrate .

Chloroform
Bromine
Ethene Bromide
Ethyl Iodide .

II.,0 . .

C0lI.()H

CO(CIL),
C.,Il5.SH

c;h,.nh,
C,H,.CN

C.,hENO., 901

Calculated.

5-5+ 7-8

2x5-5 + 7-8 + 12-2

CHCI3
Br . .

C,II,Br2

g;h,i

84-8.

28-1

990
86-4

X
X

X
X
X
X

5-5

Found.

18-8 . 2 X
41-8 .11 +
G2-5 . 2 X
77-6 . 3 X

7G-1 . 2 X

lOG-8 . G X
77-2 . 3 X

f
2 X

I
X

II + 5-5 + 3 X 22-8

11 + 6

11 + 6

11 + 6

11 + 7

11 + 5

11 + 5

7-8 + 17-4

+ 7-8

5-5 + 12-2

5-5 + 23
5-5 + 2-

5-5 + 17
5-5 + 3 1

•I

.•>
O

2 X 11 + 4 X 5-5+27-8
2x11 + 5x5-5+ 37-5

18-8

42-0

= 62-8

= 78-2

= 78-0

. lOG-8

— 77-5

= 90-3

= 84-9

: 27-8

- 99-6

= 87-0

There exist also certain relations bet-\veen the specific gravity and
the molecular weights of solids, hut only a few carbon compounds
have been studied as yet in this direction.

Melting Point and Boiling Point .—The number of carbon com-
pounds which are gaseous at the ordinary temperature is very limited,

most of them being liquids or solids. A great number of solids melt
on heating, and most of the liquids boil and volatilize

;
but tliere

exist also many which undergo a chemical change by the action of

heat, decomposition taking place and the molecule being broken up,

with the formation of a smaller or larger number of new compounds.
Generally speaking a body is the more volatile the more simple

the constitution of the molecule, and the more complicated the latter

is, the more liable is the compound to be decomposed by heat. Thus
formaldehyde CH2O is a gas

;
of its polymerides acetic acid C2H^02

boils at 118°, lactic acid CgHjjOg -volatilizes at 200°, but at the same
time a large proportion undergoes decomposition, whilst grape sugar

CgIIi.,03 is not volatile at all, but is completely destroyed at a high

temperature.

The more volatile a substance is the more simple is its constitution,

from which follows that, in homologous series, the boiling-point must
rise with every increase of CH.,

;
in some cases this increase is

regular, although different in different series, as the following

amples show :

—

Normal Alcohols.

Observed. Calculated. Difference.

Ethyl C
2
H,0 . .

78-4°
. .

78-4°
. .

—
Propyl C

3
H

3
O . . 97 .97 . . .

19°

Butyl . . IIG . 116 . . . 19

Pentyl . . 137 . 135 . . . 19

Hexyl . . 156-6 . . 154 . . . 19

Heptyl CbHigO —
. 173 . . . 19

Octyl . . 192 .192 . . . 19
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In the series of the normal fatty acids tlie difference between the

boiling-points of the lower members is also constant, being 22 °, but

atterwards it becomes less :

—

Nou.mal Fatty Acids.

Acetic C.,H,0., .

Ob.served.

.
118° .

Calculated.

.
118°

.

J liU'erence.

Tropionic c;ii,o, . . 14U-6 . . 140 . 22
°

Butyric . 16;F2 . . 102 22

Bentylic .
184-5 . . 184 . . 22

Hexylic . 204-5 . . 20(5 . 22

Ileptylic . 220 — —
Octylic . 233 .

— —
Nonylic ^9^^ 18^ ^2 • . 254 .

— —
In other cases, however, the difference between the boiling-points

of the lower members of a series is not the same. Thus in the series

of the normal paraffins it decreases regularly by about 4°, until it

becomes a constant difference of 19°;

—

]3oiling-|)oiute.
- -- ^ -w

-- I ii

Found (mean). Calculated. IMU'eience.

Methane C H, . .
— — —

Ethane C,H, . .
— — —

Propane C
3
II

3 .
— — —

Butane C
4 .

1°
. .

1°
. .

—
Pentane C

5 .
. 38 . . 38 . .

37*^

Hexane C
3
H,,

.

. 70 . . 71 . . 33
Heptane C, H,,

.

. 99 . . 100 . . 29
Octane Cg H^g . . 124 . . 125 . . 25
Dodecane . 202 . . 201 . . 4 X 19

Hecdecane CicHg, . . 278 . . 278 . . 4 X 19

In the haloid-ethers of the alcohol radicals and their acetates, the
decrease appears to be about 2 ° :

—

Nohm.vl Iodides.

lAIethyl C II
3

I .

Boiling-points.

Observed. Calculated. Difl'erence.

. 40°
. . . 40°

.

Ethyl C.,H
3

I . . 72 . . . 72 . . .
32°

Propyl C.JI 7
I . . 102 . . . 102 . . . 30

Butyl C,H, I . . 129-6

.

. . 130 . . . 28
Pentyl C\1 J . . 155 -4 . . . 156 . . . 26
Hexyl C

3
H,

3
l . . 179-5.

. . 180 . . . 24
Heptyl C,H,,I . .

—
. . 202 . . . 22

Octyl CgH^yl . . 221 .
090

• > 4U U ^ • . . 20
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Nobmal Bromides.

Observed. Calculated. Difl’erence.

Ethyl C
2
H

5
Br . .

39°
. . .

39°
.

—
Propyl C

3
H

7
Br . . 71 . . . 71 . . .

32°

Butyl C,H, Br . . 100-4. . . 101 . . . 30
Pentyl CsHnBr . . 128-7. . . 129 . . . 28
Hexyl C,H,

3
Br —

. . 155 . . . 26
Heptyl C,H,

3
Br —

. . 179 . . . 24
Octyl CsH,,Br . . 199 . . . 201 . . . 22

Normal Chlorides.

Observed. Calculated. Difference.

Ethyl C.,H
3
Cl . .

12-5°
. . .

13°
.

—
Propyl C

3
H

7
Cl . . 46-4

. . . 46 . . .
33°

Butyl C,Hg Cl . . 77-6 . 77 . . . 31
Pentyl C,H,,C1 . . 105-6 . . . 106 . . . 29
Hexyl C,H,

3
C1 —

. . 133 . . . 27
Heptyl C,H,

3
C1 —

. . 158 . . . 25
Octyl CsH,,Cl . 180 . . . 181 . . . 23

Normal Acetates.

Observed. Calculated. Difference.

Ethyl C, H
3
O

2
.

74°
. . .

74°
.

—
Propyl C

5
H

10
O

2 . 102 . . . 101 . . .
27°

Butyl Cg H^2^-2 . 125-1 . . . 126 . . . 25
Pentyl C

7
H^^Og . 148-4 . . . 149 . . . 23

Hexyl Cg Hig02 . 168-7 . . . 170 . . . 21

Heptyl C
9
H

18O2
—

. . 189 . . . 19

Octyl ^
10
^20^2 . 207 . . . 208 . . . 19

It is generally stated, that metameric compoimds, having an
analogous constitution, boil at the same temperature, but, as the

following examples show, this is not ahvays the case ;

—

Formula C gH ^ ^ 0 ^
.

point

'

Butyl Acetate . .
124‘3°

Propyl Propionate. 122'4

Ethyl Butyrate . 121'0

FoiTnula Cyll^^Oa.

Pentyl Acetate .

Butyl Proj)ionate

Propyl Butyrate

Boiling-

point

.
148-4°

. 146-0

. 143-4

Isomeric compounds boil at different temperatures, the boiling-

point being higher the more simple the constitution of the com-
pound :

—

Boiling-point.

Hexane 69-5°

Dimethyl- ethyl-methane. ... 62

Tetramethyl- ethane . . €2112( 0113)^ . . . . 5S

Trimethyl-ethyl-methane C
|

45
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Boiling-point.

rropyl-benzene .... C,1V.C,H, . . . . 153-

Ethyl-methyl-benzene . . 159

Triniethyl-benzene . . C,11,(CH,)3 . . . . 166

Normal Butyl Alcohol . C,1V.01I . . . . 116

Isobutyl Alcohol . . . C,H3(CII,),0H . . 108

Secondary Butyl Alcohol 1 CIT oil
eVHg j

• . . 96

Tertiary Butyl Alcoliol . Cecil,),!)!! . . . . 82

By the subtraction of hydrogen the boiling-point is generally

raised :

—

Heiitaiie.

C.Hxo
99°

Ile])teiie.

evil,,

U)0°

Heptine.

Chll,,

107°

Anthracene.

C II

above oG0°

DihyJroanthraceiie. I lexhydroantliracene.

305°
CxxHxe
290°

Hydrocarbons always boil at a lower temperature than tlieir

derivatives, and the lioiling-points of the latter rise when more
hydrogen is displaced :

—

Ethane.

C,H,
gas

Etlivhuninc.

c,rv.Nii,
1
8-5°

Ethyl C’liloriile.

0,1 oei
12

O

Ethyl Alcohol.

C',H,.01I
78-4°

Plthene Chloride.

C.,ll,ci.,
,

82-5°

Ethene Alcohol.

r,i 1,(1) H),
197-5°

Benzene.

82°

Acetic -\cid.

100.01

1

“ ii8°

Aniline.

(VIO.NH,
182°

Nitrohenzene. Diehlorohcnzene.

C,H,.NO, 0,II,ri,
205^ 172°

Chloracetic Acid.

('.,H.,('10.0H
“1^0°

C’hlorohenzene.

OoH.,01
135°

Phenol.

C,H,.OH
184°

Trichlorohenzene. Ihainidohenzene.

0,11,0V 0,H,(Xlf.,).,

210° 287°

Optical J'roperf/irs .

—
"Wlten a ray of light passes from one medium

into another, it is, as is well known, bent or refracted. Tliis refraction
is very diflerent for dilferent media, but for the same two media the
ratio between the sine of the angle of incidence and that of the angle
of refraction is constant. Calling the angle of incidence ?, and lliat

of refraction r, this law is e.xpresscd by—'
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Sill ^
T— = n
sin r

The value of n is called tlie index of refraction, and by speaking of

the index of refraction of a body, we mean generally, the ratio exist-

ing between the sines of the two angles, when a ray enters the body
from the air. The index of refraction changes with the temperature
as well as with the specific gravity {d) in such a way that the value

-
,
called the specific refractive energy, remains constant. By multi-

plying this value by the molecular weight of the substance, we obtain

its molecular refractive energy, which depends on the chemical compo-
sition. The relations existing between the molecular refractive

energy and the chemical composition have been best studied for

the licpiid compounds belonging to the group of fatty substances, and
the non-saturated compounds associated with them.

The following are the most important results :

—

(1) Isomerides and metamerides have the same molecular refractive

energy.

(2 )
The molecular refractive energy increases in homologous series

7’6, for each increase of ClI.,.

(3) By the addition of two atoms of hydrogen the molecular
refractive energy increases 2'G.

(4) The refractive molecidar energy of the acids of the series

CnH2„0.^ is equal to 7’6??. + 6.

From these results we can calculate the atomic refractive energy of

carbon, hydrogen, and oxygen
;
we find that in these liquid compounds

these elements have the following refractive energies :

—

Carbon 5

Hydrogen I'o

Oxygen .
.' 3

By means of these members the molecular refractive energy of a

liquid of known composition can easily be calculated. The foliowdng
example show’s how well the Amlue thus obtained agrees with that

found by means of the observed index of refraction. To find the

latter, a hollo\v prism consisting of glass plates was filled with the

liquid, and by means of it, the deviatioji of the yellow^ sodium line

observed
;
the temperature being 20°.

Ethyl Alcohol C2H,0.
11 — 1

~7r

d = 0-7964

0-4528.

n = 1-3606

By multiplying the latter number by 46, the molecular weight of

alcohol, Ave obtain the molecular refractive energy = 20-8, wdiilst

calculating it from the chemical formula we have

—

2 X 5 -f 6 -X 1 -3 -f 3 = 20-8.
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Acetic Acid CAI^O.,, d = I 05d. n = 1-372.
<71

I—
,

= 0-3d33. CO X 0-3533 = 21-2.
a

Calculated from the composition

—

2x5

+

4x1-3

+

2x3 = 21-2.

Ethyl Acetate d = 0-8977. n = 1-3715.

—^ = 0-4138. 88 X 0-4138 = 36-4.
d

Butyric Acid d = 0-9008. n = E3973.
01 — 1

= 0-4135. 88 X 0-4135 = 30-4.
d

The two latter compounds are metameric, and have therefore the

same specific and molecular refractive energy, which latter found
by calculation is

—

4x5 + 8xl-3 + 2x3 = 30-4.

The specific refractive power of mixtures is the mean of that of

their constituents, and if we know what compounds are present in a

mixture of liquids, we are able to find by means of this optical

analysis the quantity of each, which by chemical analysis can only

be done when the composition of the two bodies is widely different.

It often happens that such mixtures containing two alcohols, or two
hydrocarbons, &c., cannot be completely separated, either by chemical

or by physical means, but yet by means of an optical analysis we can
find the quantity of each.

jNIixture of Ethyl Alcohol, and Water.

n — 1

Ethyl Alcohol 0-4528

Water 0-3324

Mixture 0-4225

Calling the quantity of alcohol contained in 100 parts .r, and that of

the water ij, we have the simultaneous equations

—

(1) x + y= 100.

(2) 0-4528a: + 0-3324?/ = 0-4225 x 100.

Eroni this we find

—

a; = 74-84

y = 25'IG

100-00

which agrees as nearly as possible with tlie real composition

—

Alcohol 74‘9

Water 25'1

100-0
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^lixture of Etliyl Alcoliol and Amyl Alculiol.

n — 1

Ethyl Alcohol 0'452(S

Amyl Alcohol 0'5033

Mixture O'49-tO

(1) x + y = UK)

(2) 0-4528iO + 0-5033y = 49’4

y = 81‘5

a; = 18-4

The being prepared hy mixing together

—

Amyl Alcohol 81 '3

Ethyl Alcohol 18A

Not only the composition of mix.tures, hut also that of compounds

can be ascertained by means of the optical analysis. As this method,

however, depends entirely on the exact determination of the specific

refractive energy of the elements, and as that of oxygen is not

yet accurately known, reliable results have been only obtained in the

analysis of hydrocarbons. Thus the composition of amylene

was found from the following data :

—

77 — I

d = 0-6733. n = 1-3706. —^ = 0-5504.
d

7^ ^
The value of — — for carbon is jA, or more exactly 0-4220, and

that of hydrogen 1-3016. Calling the percentage of carbon y, and
that of hydrogen x, we have the equations :

—

(1) X + y = 100

(2) 0-422y + l-3016x = 55-04

cc = 14-6. y = 85-4.

Calciilated composition of CjHm- Found.

Carbon 85-7 .... 85-4

Hydrogen .... 14-3 .... 14-6

Similar relations between refractive energy and composition are

exhibited by liquid carbon compounds belonging to the aromatic
group and other groups richer in carbon, but they have not yet been
so completely investigated. As yet it has only been shovm that their

molecular refractive energies are higher than those calculated from
the values given above, and the higher they are, the more compactly
the carbon atoms are linked together.

Circular Polarization.—Those carbon compounds which possess the

power of turning the plane of polarized light are either a product of

life, or derivatives of such bodies
;
no carbon compound prepared by

synthesis has been found to be optically active. Solid optically active

compounds form crystals generally having hemihedral faces, and often
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exist in two modifications, one turning the polarized ray to the right,

and the other to the left. In such a case the liemihedral faces are

differently arranged, and when the two kinds of crystals are placed in

the same position it will be found that the liemihedral faces appear

in one crystal on the right, and in the other on the left side, or one of

the crystals looks like the image of the other in a mirror. These
bodies are not only optically active in the solid state, but also in

solution
;
and there exist also many liquids having this property, as

for instance, amyl alcohol, oil of turpentine, &c.

This optical property has been made use of in the arts
;

it is used

to determine the quantity of sugar contained in syrups. Under the

head of cane-sugar it will be explained how, by simply measuring the

angle of deviation, the quantity of sugar contained in a liquid can be

ascertained.

Colour of the Carbon Comjjounds .—INIost carlion compounds are

colourless, when in the pure state but there exist also a great number
having characteristic colours, and many of these are used as dye stufls

or for the preparation of pigments, such as indigo, the colours of

madder- root, cochineal, aniline colours, &c. It appears that the colour

of these bodies depends on their chemical constitution
;
they contain

certain elements, as oxygen and nitrogen, comljined in a peculiar

manner, as we shall see when we come to the study of these bodies.

Odour and Taste .—The odours of volatile carbon compounds vary

very much, as the following examples show : spirits of wine, ether, acetic

ether, acetic acid, chloroform, camphor, oil of cloves, &c. Compounds
having a similar constitution often possess a similar smell. Thus the

marsh-gas hydrocarbons all possess a faint smell of flowers, which is

more or less perceptible according to the volatility of the body. The
compound ethers of the fatty acids smell like various kinds of fruit,

and are on that account used by confectioners and perfumers. IMost

sulphur compounds, in which this element is not combined with oxy-

gen, are characterized by their disagreeable odour, and many chlorides

have a smell similar to that of chloroform.

Kelations between odour and chemical constitution certainly exist

;

but only a few such are known. Thus the amines or compound
ammonias have an odour resembling tliat of ammonia, and many
aldehydes, compounds which readily absorb oxygen from the air,

possess a peculiar suffocating smell.

The taste of carbon conqiounds is equally as varying as their

odour
;
we find here also that analogous constitution produces a

similar taste. The alkaloids, as quinine, strychnine, tkc., have an
intensely bitter taste, whilst the taste of the alcohols of polygenic

radicals, as glycerin, mannite, and sugar, is pleasantly sweet.

Solubility .—A great number of carbon compounds are soluble in

water, others only in alcohol, ether, acetic acid, benzene, &c. These
dilferent solvents are made use of in separating or purifying them.

In homologous series the first members are generally more soluble in

water than the higher ones. Thus in the seiies of the alcohols and
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fatty acids, the lower members are miscible with water in all pro-

portions, whilst those following next dissolve only in certain propor-

tions, and the highest are insoluble in water. All hydrocarbons are

either very sparingly soluble, or quite insoluble in water
;
by replacing

in them a part of the hydrogen by hydroxyl or oxygen, compounds
are formed which are more solul)le, generally in proportion to tlie

more oxygen they contain. Thus butyl is almost insoluble in

water, butyl alcohol C^lIg(OH)2
readily soluble, and butylene alcohol

C^Hg(OlI) mixes with water in all proportions. Succinic acid 0^11^0^
is more soluble than butyric acid C^llgO.

2 ,
and malic acid is

very deliquescent.

FRACTIONAL DISTILLATION.

This is an operation often made use of in the preparation of pure

carbon-compounds to isolate the different constituents contained in

a mixture of volatile bodies. On subjecting a mixture of two
liquids to distillation, at the beginning a large proportion of the more
N'olatile body comes over

;
but the boiling-point rises continually, and

more and more of the vapour of the less volatile compound mixes with

that of the more volatile. It is only when the difference between the

boiling-points of the two bodies is very considerable that it is possible

to effect an almost complete separation by one distillation. In this

case, when the operation is carried on very slowly, the more volatile

body distils at a nearly constant temperature
;
and as soon as all of it

has passed over, the thermometer rises rapidly to the boiling-point of

the less volatile compound. But in most cases it is impossible even
to approach a separation by only one distillation. By collecting sepa-

rately the portions distilling between certain intervals of temperature,

say between each 5°, or 10°, the first will consist chiefly of tlie lower

boiling body, and the last of the less volatile substance
;
whilst the

composition of the greatest portion boiling between these two ap-

proaches more or less to that of the original mixture.

The following example shows w^ell how very imperfectly even bodies

whose boiling-points are not close together are separated by one
distillation. A mixture of 100 grams of ethyl alcohol (boiling-point

78‘4°) and 100 grams of amyl alcohol (boiling-point 132°) was distilled

from a long-necked flask, and the distillate collected in 7 fractions,

the composition of which was found by optical analysis :

—

Boiling-point .... S0'’-90° OO^-lOO® 100M10° 110'’-! 20° 120°-130° 130°-131° 131°-132°

Weight of fraction . . . 47 45 25 14 18 11 36

Per cent, of Ethyl Alcohol 88-1 82 61-5 52-1 18-4 4 '5 0-2

Per cent, of Amyl xVlcohol 10-9 18 38-5 47-9 81-6 95-5 99-8

100-0 100 100 0 100 0 100 0 100 -0 100 0
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111 the llask remained 4 grams of pure am}d alcohol.
It is easy to understand the reason why, in such a distillation, the

less volatile body distils so much below its boiling-point. As is well
known, all volatile bodies evaporate below their boiling-jjoints, and
this takes place with greater facility when the tension of the vapour
is higher, and the quicker the surrounding atmosphere is changed.
Now these very conditions are fulfilled on boiling a mixture of two
liquids

;
the vapour of the lower boiling body carries that of the less

volatile substance with it on j)assing through the mixture, and being
quickly condensed, a new atmosphere is continually formed.

In most cases such mixtures contain more than two compounds

;

thus the so-called fusel oil is a mixture of several homologous alco-

hols, and American petroleum contains a large number of marsh-gas
hydrocarbons, whilst the light oils of coal-tar contain benzene and
homologous hydrocarbons. In order to isolate from such mixtures
tolerably pure compounds, the diflerent fractions obtained in the fir.st

distillation are again submitted to the same o]->eration, and those por-

tions which distil between the same intervals of tem])erature collected

separately
;
and this process is repeated until bodies with a nearlv

constant boiling-point have been obtained.

A complete separation cannot be eflected in this way
;
since sub-

stances obtained by this method, though having a constant boiling-

])oint, are never quite pure, and thus require to be further treated in

dilferent ways in order to eOect a complete separation.
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The apparatus used in the laboratory for fractional distillation is

seen in Fig. 7. The boiling liquid is contained in a liask, A, the vapours

enter the bulb tube c, containing the thermometer
;
the large sur-

face allows the less volatile substance to condense, whilst the more

volatile vapours enter the condenser, round which cold water flows.

By such an arrangement the number of distillations required is much
diminished.

CLASSIFICATION OF THE CAEBON COMPOUNDS.

It has already been fully explained that the carbon compounds are

divided into several large groups, according to the manner in which
the carbon atoms are linked together

;
each of these may again be

subdivided into compounds of monad, dyad, triad, &c., radicals. It

is, however, at present impossible to arrange all carbon compounds
according to such a system, because several of these groups have been

very incompletely studied, and there exists a very large number of

organic bodies the constitution of which is not known at all. We
shall therefore arrange the carbon compounds in the following order.

(1) The oxides and the sulphide of carbon, as well as the cyanogen
compounds, exhibit in their behaviour more resemblance to tlie

compounds of the other elements than the remainder of the carbon

compounds, and for this reason they are generally treated of under
the head of inorganic chemistry.

We shall consider these compounds first, as the radicals contained

in these occur also in a large number of other carbon compounds, the

chemical constitution of which will be only properly understood by
being well acquainted with that of the former.

(2) The large group of fatty substances coming next has been very
fully investigated; they are subdivided again according- to the quanti-

valence of their radicals. Much less complete, however, is our

knowledge of the non-saturated compounds. As most of them are

very nearly connected with compounds of the fatty gi’oup, being

either obtained from the latter, or transformed into such by the addi-

tion of hydrogen, they will be considered along with them.

(3) Next come the compounds which are richer in carbon than the

fatty substances, and which are not converted into such by the addition

of hydrogen. These are again subdivided into several groups, amongst
which that of the aromatic compounds has been most fully investi-

gated. They are so arranged that all the compounds containing the

same number of carlion atoms in the molecule are placed together.

The last group consists of a number of compounds existing in

plants and animals, the constitution of which is not yet known.
Most of them have a very complicated constitution, and exhibit only

a few relations to compounds of known structure.
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CYANOGEN COMPOUNDS.

Carbon and nitrogen do not combine directly
;
but when nitrogen

is passed over a wbite-liot mixture of charcoal and an alkali or an
alkaline carbonate, combination takes place, and a metallic cyanide is

formed ;

—

N, + C, + K/JOa = 2KCN + 3CO
No + C3 + PaO = Ba(CN)2 + C(

)

Cyanides are formed much more abundantly when nitrogenous

carbon compounds are heated with alkalis, and this is the principal

method by which potassium cyanide is prepared on a large scale.

This compound forms the starting point for the preparation of other

cyanogen compounds, amongst which prussic acid, prussian blue, and
prussiate of potash are best known. All these compounds contain the

monad group CN, in which the three combining units of nitrogen

are saturated with three of tetrad carbon
;
this radical has been called

cyanogen (^uavo? blue), and it is contained in a large number of com-
pounds, of which the following are examples :

—

Cyanogen Hydride . CNH
Cyanogen Chloride . CNCl
Cyanogen Sulphide

.
(CN)2S

Cyanic Acid . . . CN.OII

Cyanamide . . .

I’otassium Cyanide

Dicyanogen . . .

. CN.NIU
. CNK

j
CN

• (CN
Besides these simple compounds we also know a number of poly-

meric modifications :

—

Cyanuric Chloride CgNgCl.^

Cyanuric Acid C3N3(OH)3
Cyanuric Amide C3N3(NIl2)3

These compounds contain the triad radical C3N3, which has probably

the following constitution :

—

_C=-N— C—
\ //

N N
Y /
C

Tlie metallic cyanides have a great tendency to unite with one
another to form double cyanides

;
in some of these salts the heavy

2iietal cannot be detected by the usual reagents
;
being contained in

them in a mode of combination different from that exhibited in other

salts. The most important of them are Potassium Ferrocyanide

Fe(CN)^jK4, and l\ttassium Fcrricyanidc Fe(CN)gK3.

When these salts are acted upon by hydrochloric acid, the potassium

is re|)laccd by hydrogen, and the compounds Uydric Ferrocyanide

Ee(CN)3ll4 and Uydric Feridcyanidc Fe(CN)(.ll3 are formed; both of
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wliicli are powerful acids. The constitution of these compounds
may be explained by means of the quantivalence of iron, which is a

tetrad, and forms two series of compounds—ferrous compounds, whicli

contain two atoms of iron as a tetrad group, and ferric compounds, in

which two atoms of the metal are combined forming a hexad group,

thus :

—

Fe=Cl Fe^Cl
Ferrous Chloride

||
Ferric Chloride

|

Fe=Cl * Fe=Cl

If in ferrous chloride each atom of chlorine be replaced by the triad

radical C3N3, the octad radical Ferrocyanogen is obtained, whilst the

hexad radical Fcrricyanogcn is formed by 4 C3N3 combining with the

hexad ferric group, thus :

—

Hydric Ferrocyauide. Hydrie Ferricyanide.

H3C3N3 C3N3H3 H3C3N3 C3N3H
\ / \ //
Fe^-Fe Fe--Fe
/ \ \

H3C3N3 C3N3II3 HC3N3 C3N3H3

The formulae given above, and which are those generally used for

their simplicity, represent, as we now see, only half a molecule.

CN
CYANOGEN GAS OK DICYANOGEN C2N2 =

|

CN

This gas, wliich occurs in small quantities in the gases of iron blast

furnaces, is obtained by the action of heat on the cyanides of mercury,

silver, or gold, and is best prepared by heating dry mercuric cyanide

in a tube or retort of hard glass, and collecting the gas over mercury.

It is colourless, has a pungent smell like prussic acid, and is poisonous.

Cyanogen gas condenses to a liquid under a pressure of about 4
atmospheres, or by exposure to extreme cold under the ordinary

pressure
;

it boils at — 21°, and solidifies at — 34° to a radiated icy

mass. It burns with a beautiful purple flame, forming nitrogen and
carbonic dioxide. Cold water absorbs 4—5 vol. of the gas, and it is

also freely soluble in alcohol. These solutions soon assume a brown
colour

;
after some time a brown powder is deposited, and the aqueous

solution now contains carbon dioxide, ammonia, urea, and a large

quantity of ammonium oxalate ;

—

C3N2 + 4H3O = C3O, (NHJ.3

AVhen the gas is passed into strong hydrochloric acid, or when a

small quantity of aldehyde is added to its aqueous solution, it takes

up only 2 molecules of water, oxamide being formed :

—

C.,N.3 + 2H.,0 = C.O.CNH.^),

C E
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-By the inverse reaction, that is by taking the elements of water

out of ammonium oxalate and oxaniide, which may be done by heating

them with phosphorus pcntoxide, cyanogen gas is again formed
Botassium combines directly with cyanogen gas under the influence

of heat, and by passing the gas into potash solution or over red-hot

]mtassium carbonate, a mixture of cyanide and cyanate is formed :

—

CgN, -H K
2
CO

3 = CNK -f CN(3K -f CO^

In the preparation of cyanogen a brown powder is left behind

which is a polymeric modification of the gas, and is called i)ara-

cijanocjm. By continued application of heat this body is completely

transformed into gaseous cyanogen.

HYDROGEN CYANIDE, HYDROCYANIC OR PRUSSIC ACID CNH.

This compound is formed by replacing the metal in metallic

cyanides by hydrogen, and may be obtained by acting on potassium

cyanide with a dilute acid, or by decomposing mercuric cyanide with

hydrogen sulphide. It is, however, best prepared by heating a mixture

of 10 parts of coarsely powdered potassium ferrocyanide with a per-

fectly cold mixture of 7 parts of sulphuric acid with (according to the

strength of the prussic acid required) 14—40 parts of water. The
flask must be connected with a good condenser, the lower end of

which dips under water contained in a receiver. To prepare the

anhydrous acid, the sulphuric acid is diluted with twice its weiglit of

water, and the vapour after having passed a U tube which is filled

with calcium chloride, and immersed in water of 30°. is condensed in

a vessel surrounded by a freezing mixture.

Bure hydrocyanic acid is a colourless liquid, boiling at 2G’5"’, and
solidifying at — 15° to a mass like ice. It is excessively poisonous,

a drop producing instant death when swallowed, and the inhalation

of its vapour is likewise instantly fatal. It has a peculiar odour, and
its vapour when diluted with air produces, when inlialed, a peculiar

irritation in the throat. It dissolves in water, alcohol, and ether, in

all proportions, and is, as well as its concentrated aqueous solution,

inflammable, burning with a purple flame.

The anhydrous acid soon undergoes spontaneous decomposition;

giving off ammonia, and leaving a brown residue. It suffers the same
decomposition in an acpieous solution, a part, however, being con-

verted into animonium formate. This decomposition is almost en-

tirely ijrevented by the presence of a small quantity of formic or a

mineral acid
;
but when it is mixed with strong acids, water is taken

up, and ammonia and formic acid are produced. On the other hand,

when ammonium formate is heated, it splits up into water and prussic

acid :

—

N11,C0.,1I = 2H.,0 + NOH



THE CARBON COMFOUNDS. 51

Hydrocyanic acid is also formed by passing the electric discharge

through a mixture of acetylene and nitrogen, thus :

—

C
2
H

2 + N2 = 2NCH
Hydrocyanic acid is used as a medicine, and is contained in certain

ofhcinal preparations such as laurel water, bitter almond water, &c

,

which are obtained by distilling the leaves of the common laurel, or

bitter almonds with water. These plants do not contain the prussic

acid ready formed; but, in common with most of the plants of the

same family, contain amijgdalin, a complicated compound which,

under certain circumstances, splits up into sugar, oil of bitter almonds,

and prussic acid.

To estimate the quantity contained in these preparations, to a

measured or weighed quantity an excess of potash solution is added,

and then by means of a burette a solution of silver nitrate containing

G'3 grams in one litre. The silver solution is added, until a perma-
nent precipitate appears

;
each cb.cm, corresponds to two milligrams

of anhydrous prussic acid. In this reaction the double cyanide

AgCH + KCN is formed, which is not decomposed by alkalis, and is

soluble in water
;
but as soon as exactly half the quantity of prussic

acid present is converted into silver cyanide, one drop more of the

silver solution will produce a permanent precipitate of silver cyanide.

To detect hydrocyanic acid, as in cases of poisoning, the suspected

matter is acidulated with tartaric acid, and the prussic acid distilled

oil by means of a water bath. The distillate is made alkaline with

caustic soda, and a mixture of a ferrous and ferric salt (a solution of

ferrous sulphate oxidised by exposure to the air) is added, and then an
excess of hydrochloric acid; prussian blue remains undissolved if

prussic acid is present
;

if the quantity contained is very small, the

solution appears first of a green colour, and on standing deposits dark

blue flakes. When dilute prussic acid is mixed with yellow ammo-
nium sulphide, and the liquid evaporated over a water bath, am-
monium sulphocyanate is formed

;
the presence of this body is made

known by means of ferric chloride, which produces a deep blood-red

coloration.

METALLIC CYANIDES.

Potassium Cya nide KCN.—The different modes of formation of this

salt have already been mentioned; it is often produced in large

quantities in the blast furnaces in which iron ores are .smelted with
coke or coal. Pure potassium cyanide is obtained by passing the

vapour of prussic acid into an alcoholic solution of potash
;
the salt,

being but slightly soluble in alcohol, crystallizes out in cubes. Tlie

pure compound is also formed by the ignition of potassium ferro-

cyanide, which is decomposed at a red heat into potassium cyanide,

iron carbide, and nitrogen :

—

Fe(CN)6K, = 4KCN + FeC, -t- N2
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The commercial product is prepared by fusing the ferrocyaiiide

with potassium carbonate :

—

Fe(ON),K, + K,C03 = 5KCN + KOCN + Fe + CO,

On heating tlie mixture, carbon dioxide escapes, and the iron

separates in the form of a spongy mass, from which the fused cyanide

is poured off. The salt thus obtained is mixed witli some cyanate,

the presence of which, however, is of little or no consequence for

most of the purposes for which potassium cyanide is used.

I’otassium cyanide is largely used as a chemical reagent, in gal-

vanic silvering and gilding, and in photography, &c. It is very

soluble in Avater, sparingly in cold, more so in hot alcohol. At a red

heat it fuses to a clear liquid, which slowly tahes up oxygen from the

air. This takes place more quickly in presence of metallic oxides,

the cyanide being converted into the cyanate
;
on this account it is

used as a reducing agent in blow-pipe experiments. On fusing it

with sulphur, potassium sulphocyauide is formed, KSC'X. I’otassium

cyanide is decomj)osed by the Aveakest acids, even by moist carbon di-

oxide
;

it therefore smells of prussic acid, and is as dangerous a poison.

Sodium Cyanide NaCN crystallizes likeAvise in cubes, and has the

greatest resemblance to the iDotassium salt.

Ammonium Cyanide Nll^CISr is formed by the direct union of am-
monia and prussic acid, and can also be obtained by heating a mixture
of sal-ammoniac and potassium cyanide in a retort connected Avith a

Avell-cooled receAer. It crystallizes in cubes, smells strongly of am-
monia and prussic acid, and boils at o6k Its A^apour is inilammable,

and burns Avith a yelloAv tiame. It is a very unstable compound,
gradually changing into a broAvn matter, a decomposition Avhich takes

place more quickly in the moist state.

Silver Cyanide, AgClSr.—Soluble cyanides produce in a solution of

silver nitrate a white precipitate of silver cyanide, resembling silver

chloride
;

it is insoluble in dilute nitric acid, but dissoF'es readily in

ammonia and in potassium cyanide, from Avhich solution the double*

salt, AgCISr + KCN, can be obtained in octahedrons on evaporation.

This salt is used for electro-silverincr.O
Zinc Cyanide, Zn(OX)2 is obtained as a AA’hite precipitate by adding

potassium cyanide to a solution of a zinc salt; it is solubie in an
excess of potassium cyanide.

Niched Cyanide Ni(ClSr)
2

.—Nickel salts are precipitated by potas-
sium cyanide

;
the apple-green precipitate produced is readily soluble

in an excess of potassium cyanide solution, forming the double salt,

Ni(CN)., + 2KCN
;
by adding hydrochloric acid to a solution of this

salt, nickel cyanide is again precipitated.

Cohedt Cyanide Co(CN)2 is a broAvnish red precipitate, Avhich also

dissolves easily in an excess of potassium cyanide. AVhen this solu-

tion is slightly acidulated and boiled, hydrogen is given off, and potas-

sium cobalticyanide is formed ;

—

2Co(CN)o + GKCN + 2IICN = 4- II.,
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The solution thus obtained is not precipitated by hydrochloric acid,

and this reaction is therefore used for the separation of cobalt from
nickel.

Mercuric Cyanide llg(CK)^ is obtained by dissolving mercuric

t)xide in acpieous prussic acid, or by boiling this oxide with prussian

1 )lue and water. It crystallizes in colourles.s, quadratic prisiirs, and is

very poisonous.

Cyanides of Gold.—On laecipitating a solution of gold trichloride

with ammonia and dissolving the precipitate in a solution of i)otassium

cyanide, the double salt Au2(OX)2 + 2KCX is formed, which is

used for electro-gilding. If a neutral solution of gold trichloride is

added to a hot solution of potassium cyanide the salt Au(C]Si)3-l-KGN'

is formed, which crystallizes on cooling, forming colourless crystals.

Nitrocyanide of Titanium Ti(CN)2-|-3 TigN,.—This remarkable com-
pound, which was formerly believed to be metallic titanium, occurs

as a furnace product in the form of opacpie cop]3er-coloured cubes in

iron blast furnaces.

The same compound is obtained^by exposing a mixture of potassium
ferrocyanide and titanic dioxide to a strong white heat. AVhen this

bodv is heated to redness in a current of steam, titanic dioxide is

Ibrmed with the evolution of hydrogen, ammonia, and hydrocyanic
acid :

—

Ti(CN)2 + -h 2OH2O = lOTiO^ 4- lOH^ -h 2CNH + 6NPI3

FERROCYANIDES AND FERRICYANIDES.

The constitution of these compounds has already been discussed.

Of the two isomeric radicals, re.2(C3lSr3)4, Fcrrocyanogen is an octad

and Ferricyanogen a hexad. AVe shall, however, in the following

pages use the simplest formulas and express half the molecule of

fcrrocyanogen by Cfy, and half that of Fcru'icyanogen by Cfdy, whilst

Fe will stand for ferrous and Fe., for ferric iron.

Potassium Ferrocyanide K4Cfy can be obtained by mixing solutions

of potassium cyanide and ferrous sulphate
;
a brown precipitate is

tirst formed, Fe2(CN)5K, which dissolves in an excess of potassium

cyanide, forming potassium ferrocyanide :

—

Fe.2(CN)-K + 7KCN = Fe2(C3N3)4Ks

This compound, commonly known by the name of yellow prussiatc

of potash, forms the starting point for preparing most of the other

cyanogen compounds, and is prepared on the large scale by fusing

together crude potashes, iron filings, and animal matter such as horns,

lioofs, hair, blood, leather clippings, or the charcoal obtained from
them.

The products formed are potassium cyanide, ferrous sulphide, and
potassium-ferrous sulphide K2S-l-FeS

;
the two latter originating from

the sulphates contained in potashes, and the sulphur existing in the
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animal matter. By exhausting the melt witli water, tlie following

reaction sets in :

—

6KCN 4- FeS = FeCCN^K^ + K,S

By employing materials free from sulphur a greater yield of cyanide

is obtained. Some manufacturers therefore use purilied potashes and
no iron, and add to the liquor, ferrous carbonate which has been

freshly ])recipitatcd or finely powdered spatliose iron ;

—

6KCN + FeCOg = Fe(CN)„K, + CO3K,

Fio. 8.

I’otassium ferrocyanide crystallizes from its concentrated solution

in large yellow crystals, containing 3 mol. of water of crystallization,

and belonging to the quadratic system (Fig. 8). It is readily soluble

in water, and is not poisonous; when given in

large doses it acts as a laxative. The crystals

lose their water at 100°, and are converted into

a white powder. Heated to a dull red heat it

decomposes, potassium cyanide, iron carbide, and
free nitrogen being formed. Ferrous salts produce

in its solution a white precipitate, which when
exposeil to the air rapidly absorbs oxygen, and turns blue

;
ferric salts

Fe 1
produce a deep blue precipitate having the composition

|
Cfy.4

this compound is insoluble in salt solutions, but dissolves freely, and

with a beautiful blue colour, in water
;

it loses its solubility on drying

it at 110° when it loses water. Its aqueous solution is not changed

by ferric salts, but on addition of ferrous sulphate a deep blue pre-

cipitate is formed, potassium being replaced by dyad iron ;

—

j- Cfy, + Peso, =
I
Cfy, +

Thi.s compound is the chief constituent of iirussicui hJw, which is

obtained by precipitating prussiate of potash with commercial iron

sulphate (a mixture of ferrous and ferric sulphates), and wa.shing

the precipitate with water in the presence of air or chlorine water,

and treating it with dilute hydrochloric acid, in order to remove
ferric oxide or basic iron salts. The commercial product always

contains potassium, and appears to be a mixture of the two com-
pounds described above. It forms blue masses having a conchoidal

fracture and a coppery lustre. It is insoluble in acids with the

exception of oxalic acid, which dissolves it with a fine blue colour;

this solution is used as a blue ink. By alkalis it is decomposed, a

ferrocyanide of the alkali-metal being Ibrmed.

Jlydric Ferrocyanide or Tlydrofcrrocyanic Acid Cfyll^.—On adding

strong hydrochloric acid to a concentrated solution of potassium

ferrocyanide, a white precipitate of hydric ferrocyanide is obtained,

which is purified by pressing between blotting paper, dissolving in

spirits of wine, and pouring on this solution a layer of ether
;
after

some time the pure acid separates out in colourless crystals. On



THE CARBON COMPOVNDB. y.t

mixing the alcoholic solution with ether, the compound is precipi-

tated as a crystalline powder. 'When exposed to the air, it absorbs

oxygen
;

prussic acid is given off, and prussian blue formed
;

this

change takes -[dace more quickly on the application of heat. Hydrir-

ferrocyanidc is a strong acid which decomposes not only carbonate.s

but also acetates and oxalates. On boiling its aqueous solution hydro-

cyanic acid is given off and a white precipitate of ferrous ferrocyanidc

Fe.^Cfy = Fe3(CN)(. is formed :

—

3II,(CN^ = 12HCN -F Fe3(CN;,

This decomposition occurs in the ])reparation of prussic acid from

potassium ferrocyanidc and dilute sulphuric acid.

The ferrocyanides of other metals are cither sparingly soluble in

water or insoluble, and are therefore obtained as precipitates by adding

a solution of potassium ferrocyanidc to solutions of metallic salts

;

potassium ferrocyanidc is for this reason used as a reagent. Tims
with solutions of l)arium salts it gives a crystalline precipitate having

tlie composition BaKo^lfyj f^^^d by adding a solution of the ferro-

cyanide to a solntion of copper sulphate, a red ])recipitate of copper

ferrocyanidc CuoCfy is formed
;

Avhilst by adding a solution of a

CTipric salt to an excess of potassium ferrocyanide a brown precipitate

CuKgCfy is obtained.

Potassium Ferricyanide KgCfdy.—This compound, commonly
known as red 'prussiatc of potash, is prepared by passing cblorine into

a solution of potassium ferrocyanide :

—

lv,(CN),Fe -f Cl = KCl + K3(CN),Fe

Potassium chloride and ferricyanide are formed and separated from
one another by crystallization. The red prussiate crystallizes in large,

dark red, monoclinic prisms, soluble in water with a brownish green

colour. By reducing agents it' is re-converted into a ferrocyanide
;

this is easily effected by adding potassium amalgam to its aqueous
solution. Its alkaline solution is, therefore, a powerful oxidizing

agent; it converts chromic oxide into chromic acid, and manganese
monoxide into the dioxide :

—

GK
3(CN)eFe -f 1

0

HOK + Cvf).^ = 6Iv4(CN)eFe -f 2Iv
2
Cr04 -f 5H^O

Ferric salts are not precipitated by the addition of potassium ferri-

cyanide, the solution only assumes a dark brown colour
;
but with

ferrous salts it produces a dark blue precipitate, called Turnbuirs
blue, which is generally considered to consist of ferrous ferricyanidt

Fc3(Cfdy)2. This precipitate, however, has the same composition

F0 I

and the same properties as the compound j- Cfy2, which, as we

have seen, forms the chief constituent of prussian blue, and it appears

highly probable that the two compounds are identical. Its formation

is easily explained. By bringing together ferricyanide of potassium

and a ferrous salt, a part of the latter is oxidized, a ferric salt being
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formed and a ferrocyanide, from whicli the mixture of the two iron

salts then precipitates xn-ussian blue;

—

2K3(CN),Fe + SFeCl^ + TlgO = 2HK3(CISr)(;Fe + FeO + Fe^C^. =

V(Fe(CN)„), + 11,0 + CICCl

Ilydric Fcrricyanidc, Ilydroferricyanic Acid, IlgCfdy.—To x)re-

Xmre this* acid a solution of red prussiate of x^otasli is x)recix)itated with

acetate of lead, and the x>recij)itate, after washing, decomposed hy
dilute sul^diuric acid. On evaporating the filtrate, the acid crystal-

lizes in brown needles, which have a sour and astringent taste.

ExjDosed to the air they give off prussic acid, and assume a blue

colour.

NITEOPRUSSIDES.

By adding a solution of potassium nitrite to the x>reci]Ditate, x>ro-

duced by adding potassium cyanide to a solution of ferrous sulx)hate,

’potassium ’uitroprussidc is formed, according to the following equa-
tion :

—

KFogCyg -h KNO2 = Iv,FeCy,NO -f FeO,

An excess of the nitrite at the same time oxidizes tlie ferrous oxide

to ferric oxide. The nitroj)russides are distinguished by tlieir fine

red colour
;
the sodium salt, which crystallizes the best of all, is gene-

rally prepared from jiotassium ferrocyanide, by heating it with dilute

nitric acid, until the solution no longer gives with ferrous sulphate a

blue but a slate-coloured x^recipitate. During this reaction gases are

evolved, containing nitrogen, carbon dioxide, cyanogen, and hydro-

cyanic acid. On cooling the solution, potassium nitrate crystallizes

out, the mother liquor is neutralized with sodium carbonate, the solu-

tion concentrated by evax)oration, and the nitroxu’usside sex)arated from

Xiotassium and sodium nitrate by crystallization.

Sodium Nitroimussidc ISra.^FeCy^KO forms ruby-red crystals. Its

aqueous solution gives with alkaline sulphides an intense x^Ri’ple

coloration, which soon disax^pears
;

it is tlierefore used as a reagent

for the detection of soluble sulxihides
;
free hydrogen sulx)hide is not

coloured by it.

PLATINOCYANIDES.

By suspending a mixture of barium carbonate and xdatinum
dichloride in boiling water, and passing hydrocyanic acid through
the li(xuid, barium platinocyanidc is formed, which, on cooling,

crystallizes in large monoclinic prisms, rt(CN)Jla -f- 4H.,0. This

salt, like all other soluble platinocyanides, is remarkable for the

beautiful colours which it exhibits, the crystals appearing green

when viewed along the principal axis, sulphur-yellow at right angles

to it, and in rellected light the foces of the crystals exhibit a blue
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violet lustre. By decomposing this salt with the sulphates of the

other metals the wdiole series of platinocyanides can be obtained,

amongst which the onagnesium salt Pt(CX)j^ i\Ig + THgO is one of

the most beautiful; it forms fine large square prisms, of a deep red

colour by transmitted light
;
but when viewed liy reflected light the

sides of the prisms exhibit a brilliant beetle-green, and their ex-

tremities a deep blue or purple colour. On adding sulphuric acid to

a solution of the platinum salt, hydrogen ijlatinocyanidc Pt(CiSr)4H2 is

obtained, which crystallizes from a concentrated solution in long

prisms, having a splendid vermilion colour, accompanied by a blue

iridescence.

COMPOUNDS OF CYANOGEN WITH THE HALOID ELEMENTS.

Cyanogen Chlorid.e CXCl.—To prepare this compound chlorine is

passed in the absence of light into a mixture of one part of an-

hydrous hydrocyanic acid, and five parts of water, the vessel being

surrounded by a freezing mixture. Cyanogen chloride separates out

as a mobile colourless liquid, heavier than water. It possesses a very
irritating odour, attacking the eyes and producing a copious flow of

tears
;

it boils at 15‘5°, and solidifies at —5°. The pure compound
may be kept for years without undergoing any change, but in the

impure state it very soon changes into the polymeric cyanuric

chloride.

Cyanogen Bromide ClSTBr is a very volatile solid body, subliming

in needles, soon changing however into cubes
;

it smells like the

chloride.

Cyanogen Iodide CHI is easily obtained by heating an intimate
mixture of mercuric cyanide and iodine. It forms fine colourless

needles, and has a pungent smell. It is frequently found in large

quantities in commercial iodine.

Cyanuric Chloride (C
3
H

3
)Cl

3
.—This compound is formed as already

mentioned by the polymerisation of cyanogen chloride, and is also

obtained by acting in sunlight with chlorine on anhydrous hydrocyanic
acid or its solution in ether. It crystallizes in shining needles or

scales, which melt at 145° and boil at 190°. Its odour is, especially

on heating, pungent and producing a flow of tears.

CYANIC ACID AND CYANATES.

iMetallic cyanides readily absorb oxygen, cyanates being formed.
To prepare potassium cyanate KOCN, prussiate of potash and potassium
carbonate are fused together, and red lead is gradually added. The
melt is exhausted with hot spirits of wine; from this solution the

salt crystallizes on cooling, in needles or plates. It is readily soluble
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in water
;
this solution soon undergoes decomposition, ammonia and

acid potassium carbonate being formed :

—

KOCN + 2H,0 = KHCO
3 + NHg

Cyanic Acid
|
O.—Cyanates are readily decomposed by dilute

acids, but the cyanic acid at the same time takes u]) water, and carbon

dioxide and ammonia are formed. Therefore on adding a dilute acid

to potassium cyanate effervescence takes place, carbon dioxide being

given off, which has a pungent smell, due to the presence of a trace

of cyanic acid. By acting on a cyanate with dry hydrochloric

acid, cyanic acid is set free, which, however, at once combines with

hydrochloric acid to form the compound HCl.IfOC'N, a colourless

liquid, fuming in the air. From this compound also it is impossible

to isolate cyanic acid because it at once changes into polymeric
cyanuric acid (CN)3(0I1)3. There is only one reaction by which cyanic

acid can be obtained, aiid this is by the decomposition of cyanuric by
heat, when it splits up into 3 mol. of cyanic acid, the vapours of which
must be condensed by means of a freezing mixture. Cyanic acid is

a colourless mobile liquid with a most pungent smell. On taking the

vessel containing it out of the freezing mixture the liquid soon

becomes turbid and hot, and with a crackling noise, or in large

([uantities with explosive ebullitions, is soon converted into a white

porcelain-like mass, a polymeric modification, called cyamelidc, the

molecular weight of which is unknown. On heating cyamelide it is

reconverted into cyanic acid.

Of the cyanates the most interesting salt is the ammonium cyanate

obtained as a white crystalline mass, by mixing the vapour

of dry cyanic acid with dry ammonia. The freshly prepared aqueous

solution gives the reactions of cyanic acid and ammonia, but on
standing for some time, or on heating, the ammonium cyanate is

transformed into the isomeric carhamide or urea, CO(NH2)2- The
dry salt also undergoes the same transformation on heating.

Cyanuric Acid (0^)3(011)3.—On heating carbamide it behaves like

the ammonium salt of this acid, splitting up into ammonia and
cyanuric acid. The best method for preparing this compound is to

pass dry chlorine over fused carbamide
;
nitrogen, hydrochloric acid,

and vapours of sal-ammoniac are given off’, and a residue is left, which
is exhausted with cold water to remove ammonium chloride, and the

remaining cyanuric acid is crystallized from boiling water. Cyanuric
acid is also formed by boiling cyanuric chloride with a solution of

caustic potash. It crystallizes in clear monoclinic prisms (CN)3(OII)3

4- 2IT2O. When exposed to the air it loses water, and crumbles into

a white powder. It is a tribasic acid
;
of its salts the sodium salt

is most characteristic, from the fact that it is only sparingly soluble

in a hot concentrated solution of caustic soda, and therefore separates

in fine needles on heating a cold saturated solution. By adding
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an ammoniacal solution of copper sulphate to an ariueous solution

of cyanuric acid, a crystalline violet precipitate is formed, having the

formula :

—

f (OH),

|5][Cu(NH,),

I
(OH),

SULPHOCYANIC ACID AND SULPHOCYANATES.

ON )
Potassium Sulphocyanate y S.—To prepare tins salt, anhydrous

potassium ferrocyauide, potassium carbonate, and sulphur are fused

together, and the melt exhausted with spirits of wine. On evapora-

ting this solution the salt crystallizes in large colourless prisms. It

is very readily soluble in water, the temperature being at the same
time so much lowered that it is sometimes used as a freezing mixture.

On mixing 500 grams with 400 grams of cold water the temperature

goes down to — 20°.

CN IAmmonium Sulphocyanate
j-

S, is formed by heating prussic

acid with yellow anmioniuni sulphide:

—

CN )

Ilf
+
NH,-). _CN

- NH,
S

The best method to prepare it in quantity is to mix carbon disul-

phide v/ith alcohol and strong aqueous ammonium, and distil the

alcohol off after some time. On evaporating the residue on a water
bath the ammonium sulphocyanate crystallizes out. The reaction

which takes place will be explained under sulphocarbonic acid.

Ammonium sulphocyanate crystallizes in colourless deliquescent

plates, which melt at 147°, and readily dissolve in water, with the

production of cold. When heated for some time to 170° it is trans-

formed into the isomeric sulphocarbamide.

Sulphocyanates of Mercury.—The two nitrates of mercury are pre-

cipitated by soluble sulphocyanates. The mercuric sulphocyanate is

decomposed by heat, the mass swelling up and leaving a very volu-

minous residue behind. It is used for the preparation of the so-called

Pharaoh’s Serpents.

CN I , .

Sv.lphocyanic Acid S.—To obtain the anhydrous acid, sulphu-

retted hydrogen is passed over heated mercuric sulphocyanate. It is

a colourless, oily liquid, having a pungent odour, like acetic acid, and
solidifying at — 12‘5°. It readily undergoes decomposition, prussic

acid being given off, and a yellow crystalline residue left behind,

which has been called persulphocyanic acid H2C,N,S3
. Aqueous

sulphocyanic acid can be obtained by distilling potassium sulpho-
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cyaiiate witli dilute siilpimric acid, but a part of tlie acid easily

undergoes a cliange by taking water uj:) and forming ammonia and
carbon oxysulpbide COS, a decomposition analogous to the forma-

tion of ammonia and carbon dioxide from cyanic acid. Ey adding

ferric chloride to a solution of sulpliocyanic acid or a sulpliocyaiiate

the liquid assumes a deep blood-red colour. This very characteristic

rCN') 1
reaction is caused by the formation offerric sulphocyanidc ^

|
S^;,

a salt which may be obtained in small blackish red crystals on evapo-

rating a solution of ferric hydroxide. in sulpliocyanic acid.

Cyanogen SidpMde
|

S, is formed by heating a mixture of

cyanogen iodide and silver sulphocyanatc :

—

ON)
Ij + CX

I g _ I

)

Ag j
Ao"

CX)
CX j

+ .h;. 1- s.

It sublimes in transparent rhombic plates, which smell like

cyanogen iodide, and readily dissolve in water, alcohol, and ether. P>y

caustic potash it is decomposed thus :

—

CX]
CN j

S + 2 +
H
II }

0.

Isosul2')iiocyanatcs
.—When persul])hocyanic acid is treated with an

alcoholic solution of potash, it yields 2^ofassiurn isosul2'>lLOcyanatc,

which is obtained by slow evaporation from an aqueous solution in

hard crystals having the composition CSXK -f HoO. This body may
1)6 easily[distinguished from potassium sulphocyanate by adding to its

aqueous solution a drop of ferric chloride, a brown coloration being

produced, which disappears again on adding more of the ferric salts.

When the isosulphocyanate is heated, it melts and undergoes a mole-

cular change, being transformed into the common sulphocyanate.

The free isosulphocyanic acid has not yet l)ecn obtained, but we are

acquainted with a series of ethers of this acid, of vdiich the best

known is oil of mustard or allyl isosulphocyanate, having the con-

stitution X
{

CS

>mlpJiocarhlmidc X

from which it follows that isosulphocyanic acid is

res
(H •

AMIDES OF CYAXOOEX.

CXI
Cijanamidc IF >X,—On passing gaseous cvanic acid into a solu-

HJ
tion of ammonia in ether, ammonium chloride separates out, and the

solution yields on evaporation cyanamide in colourless crystals, which
melt at 40° aud are readily soluble in water. On adding nitric acid

to its a.(picous solution it is converted into carbamide :

—
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™
I
N + H^O = CO fNH,

(NH,

—This pol
3^meric modification

2

is formed on adding ammonia to an aqueous solution of C3''anamide

when, after some time, the parame ciystallizes out in rhombic plates,

which are readil3
' soluble in water and alcohol, and sparingly in

ether; it melts at 205°. By evaporating the aqueous solution, in

])resence of an acid, dicyandiamina CgH^ISr^O is formed, a white

crystalline substance, which forms with Avater a strongly alkaline

solution, and combines Avith acids forming ciystalline salts.

The constitution of these compounds is probably the folloAAuug :

—

Dicyanamidc or Parame C
2
ISI.

2
1

I

C
^ \

N N
\ ^
C

I

NIC

Dicyandiamiue.

CO.NIC
I

Nil

I

C.NIT,

II

Nil

fNH.,
Cyanuric Amide or Melamine C^Ng^ NH.^.—On heating cyauamide

[nh;
to 150° a violent reaction sets in, melamine being formed, Avhich
crystallizes in shining, rhombic octahedrons, readily soluble in Avater

Imt insoluble in alcohol and ether. It combines like ammonia Avith

acids, forming compounds like C3H3(NH2)3HC1.
’\^dlen cyanuric amide is boiled Avith dilute nitric acid it assimi-

lates Avater, ammonia is formed, and it is couA'erted successively inttv

xVinineline

Ammelide
Cyanuric Acid

ChH.N.O
C3HAO,
C3H3N3O3.

Ammeline C3
N

3
1

is a poAvder insoluble in Avater, alcohob

and ether, ljut soluble in alkalies and acids, and forms salts Avhich
are decomposed by AA’ater.

C3N3
I

is a Avhite poAvder A\dhch, like ammeline,

dissolves in alkalis and acids, but does not combine Avith the latter.

Its ammoniacal solution gives Avith silver nitrate a Avhite precipitate
f (^TT

having tlie composition CgNgfNH^)-;
q

Phosphorus Tricyanide P(CN)
3

.—To prepare tliis compound sih'er

cyanide and phosphorus trichloride, diluted Avith chloroform, are
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heated in sealed tubes. After cooling, the contents of the tubes are
lieated in a retort, through which a current of carbon dioxide is

passed; at 160° the phosphorus tricyankle begins to sublime in long-

white needles or plates. On gently heating them in the air they take
fire, and by water they are resolved into prussic acid and phos-
phorous acid :

—

P(0N)3 -h = 3CNH + l^OgH^

CAKBONYL AND SULPHOCABBONYL COMPOUNDS.

The dyad radical carbonyl CO exists in the free state as carbon
monoxide

;
it is a non-saturated compound combining directly with

several elements or radicals, forming the follovung compounds :

—

f 'O n f
Carbonyl Oxide or

(
Carbon Dioxide.

Cc c
c Hydric Potassium

Carbonate.

0
00

Potassium
Carbonate.

co.s Carbonyl Sulphide

CO Carbonyl Chloride CO ^

\ NH.,
Carbamide.

The sulpliocarbonyl compounds contain the dyad radical sulpho-

carbonyl CS, which is not known in the free state, but from which the

following compounds are derived :

—

CS.S Sulpliocarbonyl sulphide or carbon disulphide.

p. f SH
t SH

Sulphocarbonic

Acid.

po fSK
t SK

Potassium Sulpho
carbonate.

CS ^v & 01

Sulpliocarbonyl

Chloride.
p^ i

NH.,

( N1L_
Sulphocarbamidc*.

Carhon Monoxide or Carbonyl CO.—This gas is always formed by

the abstraction of oxygen from carbon dioxide or carbonates
;
thus it

is obtained by passing carbon dioxide over red-hot charcoal, or by

heating chalk with iron or zinc :

—

CO.3 -t- C = 2CO
CaCOg + Zn = CaO + ZnO -h CO

It is also produced by heating certain metallic oxides, such as those

of iron, zinc, lead, &c., with charcoal, and further occurs as a pro-

duct of the decomposition of several carbon compounds
;
for instance,

formic acid when heated with strong sulphuric acid is resolved into

water and carbon monoxide :

—

1
o = CO + ^ }

0



THE CARBON COMPOUNDS (J3

By acting with sulphuric acid on oxalic acid, water is formed, and a

mixture of equal volumes of carbon monoxide and dioxide is given

The most convenient method for preparing carbon monoxide is to

heat coarsely powdered potassium ferrocyanide with eight times its

weight of commercial sulphuric acid; this acid contains about 10

—

15 per cent, of water, which take part in the reaction. In the first

stage prussic acid is set free, which by the action of the sulphuric

acid is transformed into ammonia and formic acid, and the latter

then splits up into water and carbon monoxide. The final reaction is

expressed by the following equation :

—

Carbon monoxide is a colourless, tasteless gas, which has not yet

been condensed to a liquid; its specific gravity is 0’069. It is but
sparingly soluble in water, and acts as a strong poison, producing

death when inhaled even in small quantities. It is readily inflam-

mable, burning with a characteristic blue flame, and it acts as a reducing

agent on many metallic oxides, which when heated in this gas ]^art

with their oxygen :

—

Chlorine and carbon monoxide combine under the influence of

sunlight, carbonyl chloride COCI
2
being formed, and by heating carbon

monoxide with caustic potash it is absorbed with the formation of

potassium formate :

—

It also combines with metallic potassium
;
from the compound

CgOgKa produced a series of remarkable acids is derived, which
will be described later on.

Carbon Dioxide CO^ is always produced.by heating carbon or carbon

compounds with an excess of oxygen, and is also formed by different

processes of slow oxidation, as in those of respiration, putrefaction, &c.

It exists in the free state in the air and in mineral springs, and is

emitted in large (quantities from tlie craters of active volcanoes as well

as from fissures in districts of extinct volcanic action.

To prepare pure carbon dioxide a carbonate is decomposed by an

acid; calcium carbonate (chalk or marble) and hydrochloric acid,

or sodium bicarbonate and dilute sulphuric acid being usually

employed.

Carbon dioxide is a colourless, inodorous gas, possessing a pungent,

slightly acid taste. It is tolerably soluble in water, more readily in

cold than in warm, and is found in all spring water, which owes its

off':—

.
Fe^Og +- 3CO = 2Fe + 3CO

2
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refreshing taste to the presence of this gas
;

it is contained in larger

cpiantities in soda-M'ater, champagne, and otlier sparkling drinks, which
have been saturated with this gas under pressure.

By the application of strong pressure or by exposure to a very lo^\’

temperature it is condensed to a mobile liquid, boiling at — 78°, which
on rapid evaporation absorbs so much heat that a part of it freezes to

a snow-like mass. When a tube containing liquid carbon dioxide is

placed in liquid ammonia allowed to evaporate very quickly, so mucli
cold is produced that tlie carbon dioxide solidifies to a transparent ice-

like mass, wliich by pressure is easily divided into cubical crystals.

On heating potassium or magnesium in carbon dioxide a carbonate

is formed witli the separation of finely divided carbon.

Carhonic Acid and Cmdonatci.—Tlie aqueous solution of carbon
dioxide has a sliglit acid reaction, and may be considered to contain

the dibasic carbonic acid. This latter body, however, has not yet been
isolated, but from it is derived a series of salts, called carbonates :

—

CO-f
OH
[oh

CO-f
OK

(
OK

Caibonic Acid. CO -[

1’^‘ysiuni

(
OH Carbonate.

Normal Potassium ..r. f O > , ,

Carbonate
CO-< >Ca Calcium Carbonate.

The carbonates of the alkaline metals are soluble in water, those

of the other metals insoluble. By passing carbon dioxide into lime-

water or baryta-water a white precipitate is formed, a most characteristic

reaction of carbon dioxide.

When moist carbon dioxide is brought in contact with potassium

formic acid is produced :

—

2CO, + 0{ + K,3 = CO
I
™ + C0{

When carbon dioxide is passed over strongly heated sodium it com-
bines with it and forms sodium oxalate :

—

CO., Na CO.ONa
+ =

I

CO.^ Na CO.ONa

Carhonyl Chloride COCl^.—This compound, also called carhon oxy-

chloride OY: 'phosyenc yas, obtained by exposing a mixture of equal

volumes of pure carbon monoxide and dry chlorine in large white

glass balloons to the sunlight (</)w? and yevdeo). In xweparing it a

slight excess of chlorine is used, and the gas after combination has

taken place is passed through a tube filled with metallic antimony,

by which the free chlorine is absorbed. Carbonyl chloride is a colour-

less gas, fuming strongly in the air, and possessing a most uiqdeasant

sulfocating odour. By the axqfiication of cold it is condensed to a

mobile liquid boiling at + 8°; it is heavier than water, which, however.
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rapidly acts on it, carbon dioxide and liydrocldoric acid being
formed :

—

COCI2 + Hd) = CO2 + 2 IIC'l

Carbonyl chloride is also formed by heating chloroform M’ith potas-
sium dichromate and an excess of sulphuric acid :

—

2CHCI3 + 2Cr03 = 2COCh + Cl, + H,0 + C12O3

By exposing a mixture of bromine vapour and carbon monoxide,
to the sunlight carbonyl dibromide COBr, is formed, a compound
which is very little known.

Carbamic Acid CO
|

ig known in the free state
;

its

ammonium salt CO
|

is obtained by mixing dry carbon di-

oxide with dry ammonia. It is a white solid, which is very volatile,

being decomposed at a gentle heat into its constituents. It dissolves
in water, foi'ining ammonium carbonate. Other metallic carbamates
liave not yet been obtained, but there exists a series of etliers of this

acid or compounds containing alcohol radicals in the place of the
hydrogen of the hydroxyl.

Carbamide or Urea CO
|

—This body is formed when carbonyl

chloride is acted upon by dry ammonia ;

—

CO Cl

Cl
+ 4NPL = CO fNH,

(
NH

2 + 2NH,C1

It is also produced when ammonium carbonate or the commercial
sesquicarbonate are heated to 130° to 140° in closed tubes :

—

CO fNH, _ CO + HO

Carbamide occurs in the urine of mammals, birds, and reptiles, and
is also found in other animal liquids

;
it was known for a long time

before its constitution was determined, by the name of urea. It may
be obtained from urine by evaporating it to the consistency of a

syrup, and adding to the cold residue strong, pure nitric acid, which
precipitates urea nitrate, a salt easily purified by recrystallization.

Urea is, however, most conveniently prepared from ammonium
cyanate, a compound which, as has already been mentioned, under-

goes on heating a remarkable molecular change, being transformed

into urea.

To obtain it by this method eight parts of anhydrous potassium

ferrocyanide are fused with three parts of potassium carbonate, and
fifteen parts of red lead are gradually added. The cooled moss is

exhausted with waiter, and the solution of potassium cyanate is

evaporated with eight parts of a7mnonium sulphate. 1'he drv residue,

C ‘

1'
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consisting of potassium sulphate and urea, is treated with warm
alcohol, by which the latter compound is dissolved.

Urea can be reconverted into a cyanate
;
thus on evaporating its

aqueous solution with silver nitrate, ammonium nitrate and silver

cyanate are formed.

Urea crystallizes in colourless needles or long striated prisms
;

it is

readily soluble in water and alcohol, but almost insoluble in ether,

and has a cooling taste like saltpetre. Its solution lias a neutral re-

action, yet urea has marked basic properties, combining like ammonia
with acids, forming crystalline salts.

Urea Nitrate C(3 (N 11 .,) 2
.N03H is readily soluble in water, but only

sparingly in strong nitric acid, and is therefore obtained as a crystalline

precipitate by adding nitric acid to an aqueous solution of urea
;

from water it crystallizes in long prisms.

Urea. Oxalate 2[C0{NI[J^].C20^1l2 is obtained as a white crystalline

precipitate by mixing solutions of oxalic acid and urea; it is only

sparingly soluble in water.

Urea also enters into combination with metallic oxides and several

salts. Mercuric nitrate produces in a solution of urea a white precipi-

tate having the composition 2CO(NIl2).2 -f 3HgO -f Hg(X03 ).,. This

reaction is made use of to determine the quantity of urea in urine.

Two volumes of urine are mixed with one volume of a mixture con-

sisting of equal volumes of baryta-water and a cold saturated solution

of barium nitrate, in order to preci]3itate the phosphates and sulphates

contained in' urine. To 15 cb.cm, of the filtrate (corresponding to 10

cb.cm, of urine) a solution of mercuric nitrate of known titrc is added
by means of a burette, as long as a precipitate is formed. The end of

the reaction is easily recognized by adding a solution of sodium
carbonate to a drop of the liquid, which assumes a yellow coloration

as soon as a slight excess of mercury has been added. It is convenient

to have the mercury solution of such a strength, that 1 cb.cm, should

correspond to O’Ol gram of urea.

When urea and water are heated together in sealed tubes to

above 100°, carbonic dioxide and ammonia are produced; the same
change occurs in the putrefaction of urine. This reaction may also

be used for the quantitative determination of urea
;
the urine has

only to be heated with an ammoiiiacal solution of barium chloride,

and the barium carbonate formed, to be weighed.

Nitrogen trioxide acts readily upon urea, as it does on all other

amido-compounds, the products of the reaction being carbon dioxide,

water, and free nitrogen ;

—

CO
I

= 2N, + COj + 21CO

Biuret C.2II5N3O.2 is formed when urea is heated to 150°—1G0°:

—
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NH.,

CO
/ NIL

/
\
NH.,

CO

= NH3 + NH

'/
CO
\

CO
/

\
NIL

NH,

Biuret is sparingly soluble in cold, but more readily in hot water,

from which it crystallizes in colourless needles. On heating it above

170°, anniionia escapes and cyanuric acid is left behind, and when it

is heated in a current of dry hydrochloric acid, carbon dioxide and
(jnanidine CH

5
N

3
are formed, together with cyanuric acid

NIL

CO
\
NH — CO„ -|-

CO
/

\

NH,
I

CO=NH
I

NH„

NH,

Guanidine is a strong base, which will be described later on.

Isurctine CH^N20 ,—This isomeride of urea is produced by digest-

ing an alcoholic solution of hydroxylamine with strong hydrocyanic

acid at 40°—50°. By evaporation it is obtained in long, colourless

crystals, having a strong alkaline reaction and melting at 104°. The
hydrochloride CH^NgO.HCl forms deliquescent rhombic plates

;
the

sulphate and oxalate are also crystallizable.

Heated above its melting-point isuretine readilj^ decomposes, giving

a considerable sublimate of ammonium carbonate and yielding a resi-

due containing ammelide (p, Gl).

An aqueous solution of isuretine evaporated on a Avater bath under-
goes decomposition Avdth evolution of nitrogen, ammonia, and carbon
dioxide, and a residue is left containing urea and hiuret. The consti-

tution of isuretine is probably expressed by one of the folloAving

Inrmuhn :

—

( NH ( NH
C \ NH.OH or C \ O.NH,

( H ( H

Hydroxyl Carlamide is produced by acting upon

cyanic acid with hydroxylamine NH
2
(OH). To prepare it a solution

of hydrox\dammonium nitrate is cooled down to — 10°, and mixed
V 2
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with a conceiitvated a(|ueous solution of potassium cyaiiate. It

crystallizes in white needles, melting at 130°.

Carhonyl Siilphiih or Carhon OxysidplncU COS.—This compound
is formed by j)assing carbon monoxide and sulphur vapour through a

red-hot porcelain tube. It is, however, best prepared by adding
potassium sulphocyanate to a cold mixture of four parts of water
and five parts of concentrated sulphuric acid, the sulphocyanic acid

which is first set free, taking up water, forms ammonia and carbonyl
sulphide :

—

Carbonyl sidphide is a colourless gas possessing a peculiar resinous

smell, resembling at the same time that of hydrogen sulphide
;

it is

very inllammable, burning with a blue llame. It is slightly soluble

in water, and appears to occur in some sulpliur springs. Caustic

potash absorbs it but slowly, potassium carbonate and sulphide being

formed :

—

COS + 4 KOH = K,C03 -}- K,S + 211,0

Carhon Disulphide CS, is obtained as a heavy colourless liquid b}’’

passing sulpliur vapour over red-hot charcoal. The commercial iiro-

duct has a very unpleasant odour, due to impurities contained in it
;

these may be destroyed by heating the crude sulphide with water in

closed tubes to 100°.

Pure carbon disulphide boils at 43‘3°, and possesses an ethereal

odour. On evaporating it rapidly, by means of a strong current of

air, so much heat becomes latent that a portion of the sulphide soli-

difies to a white mass resembling cauliflowers, and melting again at

— 12°. Carbon disulphide is insoluble in water, and has at 0° the

specific gravity 1'0272
;

it is highl}^ infiammable: its vapour, when
mixed with air, takes fire at 149°. It is poisonous

;
the inhalation of

its vapour produces giddiness, congestion, and vomiting. It is manu-
factured on a large scale, as it is found to be an excellent solvent

for resins, oils, fats, caoutchouc, phosphorus, sulphur, &c. On account

of its inflammability and poisonous properties great care must be taken
in using it.

Sidphocarhonic Acid and Sidphocarhonafcs.—Just as carbon dioxide

and metallic oxides combine to form carbonates, carbon disulphide

combines with metallic sulphides, forming sulphocarhonatcs. Sodium
sulphocarbonate CS.^Na, is obtained by dissolving carbon disulphide

in a solution of sodium sulphide
;
on adding alcohol to this solution

the compound separates out as a thick brownish red licpiid, from

which the free sulphocarbonic acid may be obtained by adding hydro-

chloric acid and water
;

it is a heavy brown oil having a peculiar

disagreeable odour. The sulphocarhonates of the metals of the alkalis

and alkaline earths are soluble in water
;
those of the other metals

are insoluble.
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Siilphocarlonyl Chloride CSClg is a colourless liquid possessing an

irritating smell; it boils at 70° and is formed amongst other in’oducts

by the action of chlorine upon carbon disulphide.

Sidjdiocarhamic Acid CS
|

—The ammonium salt of tliis acid

is formed together with ammonium sulphocarbonate by adding carbon

disulphide to a solution of ammonia in absolute alcohol. It ciystal-

lizes in large yellow prisms
;
on heating it to 100° it is decomposed,

with the formation of ammonium sulphocyanate and hydrogen

sulphide :

—

fNIT., _ g,.

The free sulphocarbamic acid is obtained by decomposing the am-
monium salt with hydrochloric acid

;
it is a reddish oil, wliich soon

decomposes into hydrogen sulphide and sulphocyanic acid.

Sulphocarhamide or Sulphur Urea CS
|

is formed by heating

ammonium sulphocyanate for some hours to 170°; a molecular change
takes place analogous to the trajisformation of ammonium cyanate

into urea. Sulphocarbamide crystallizes in silky needles and com-
bines like common urea with acids

;
the nitrate crystallizes ex-

ceedingly well. When sulphocarbamide is heated akove 170°, carbon

disulphide, hydrogen sulphide, and ammonia are given off, and a

yellowish powder called mellaui is left behind.

ACIDS FROM POTASSIUM CARBOXIDE.

On passing carbon monoxide over fused potassium the gas is

absorbed, the metal being converted into a black porous mass,

having the composition
;
the same body is formed as a bye-

product in the manulhcture of potassium. It is not altered in dry

air, but in presence of moisture it soon colours red and afterwards

yellow. By water it is decomposed with great violence, and often

with an explosion. By adding the freshly prepared compound very
cautiously to dilute hydrochloric acid, trihydrocarhoxylic acid C.jOolIg

is formed, crystallizing in white needles. Its colourless sorution

darkens when it is exposed to the air, and black needles of hihydrox-

ylic acid Cgllgll.^ gradually crystallize out, whilst the compound
after having been exposed a short time to moist air, yields

hydrocarhoxylic acid C^O^IIg. ^Yhen the black mass has become red

by longer exposure to the air, it contains the potassium salt of rhodi-

zonic acid CgOgll^
;
the free acid is obtained by acting on the red

mass with hydrochloric acid. It forms colourless needles, which lose

water at 100° and turn black. Ehodizonic acid is bibasic
;
the silver

salt CgOgHgAg, Is a red precipitate. On boiling a solution of potas-

sium rhodizonate with potash, potassium croconate C'^OdVo is formed,
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a salt which is also contained in the original substance after being-

coloured yellow by long exposure to the air. Free croconic acid

C5H5II, is obtained by adding sulphuric acid and alcoliol to the

potassium salt and evaporating the solution
;

it crystallizes in yellow

lamina!, lloth rhodizonic and croconic acid are oxidized by nitric acid

to huconic, acid CgO.jlTg, which is tribasic and obtained as a colourless

syru]) by adding alcohol to the aqueous solution.

Neither the molecular weights nor the constitution of these remark-

able compounds are known.

HYDEOCAEBONS OF THE SEEIES ,oOE PAEAFFINS.

Of the hydrocarbons homologous with marsh -gas those containing

less than five atoms of carbon are gases at the ordinary temperature
;

the next higher ones are mobile^ colourless liquids, having a faint but
characteristic ethereal odour

;
and those richest in carbon are crystal-

line solids. A mixture of the latter has been known for a long time
under the name of paraffin affinis), a name given to them
from the fact that they resist in the cold the action of strong oxidizing

agents. But as the gaseous and liquid liydrocarbons of this group
show the same resistance against nitric acid, chromic acid, &c., it

appears appropriate to give to the whole group the name the

paraffins. Whilst they are not acted upon in the cold even by a

mixture of fuming nitric and sulphuric acids, on the application of

heat they are oxidized, even by dilute nitric acid, the products con-

sisting of carbon dioxide and water, besides small quantities of fatty

acids, succinic acid, and nitriles, whilst chromic acid produces carbon
dioxide and water, as well as a little acetic acid.

By acting on the paraffins with chlorine in diflused daylight,

substitution products are formed, the first product being the chloride

of a monad radical, marsh-gas or methaiie yielding methyl chloride:

—

CH, -1- Cl., = CHgCl q HCl

By continued action of chlorine a further exchange of chlorine for

hydrogen takes place
;
thus from marsh-gas the following bodies have

been obtained :

—

CH, +Cl, = CJI3C1 + HCl
CII

3
CI + Cb, = CH.,C1„ + HCl

CH.,C1., + Ci; = CHCV -h HCl
CirCl

3 -h Cb, = CCl, + HCl

In the same way the six atoms of hydrogen in ethane C.,H^. have
been substituted one after the other by chlorine, whilst in "propane

C.Hg and hexane C^-H^^ only six have thus been replaced.
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When cliloriiie is passed into a liquid paraffin, a portion of the

nionochloride first formed is always further acted upon hy chlorine

before all the hydrocarbon has been attacked, but the formation of

such higher chlorides can be almost completely avoided, when chlorine

is brought in contact with the vapour of the boiling hydrocarbon
;

the monochlorides being less volatile condense at once, and thus are

brought out of the reach of an excess of chlorine.

Bromine acts on the paraffins in a manner similar to that of

chlorine, only much less energetically, whilst iodine has no action

whatever.

The monochlorides can by double decompositions easily be trans-

formed into the alcohols and other derivatives. Thus on heating

methyl chloride with caustic potash we obtain methyl alcohol :

—

CH3CI -F KOH = CIK + CH3.OH

By heating the chlorides with concentrated hydriodic acid, the

iodides are formed
;
which compounds are also obtained by acting

upon alcohols with hydriodic acid. Thus amyl alcohol yields amyl
iodide :

—

C
3
lI^,.OH + HI = 4- H^O

On the other hand these derivatives of the paraffins can again be
transformed into the original hydrocarbons. Thus by treating the

substitution products of marsh-gas with zinc and hydrochloric acid,

an inverse substitution takes place, hydrogen again replacing one atom
of chlorine after the other :

—

CCl, + H2 - CH CI3 + HOT
CH CI3 -h H, - CU2CB + HCl
CH.2CI, + CH3Cr + HCl
CHgCl" -h H; = CH, + HCl

The iodides are even more easily reduced by the same reaction,

and thus from any alcohol the corresponding paraffin may be obtained.

The alcohols of dyad, triad, tetrad, and hexad radicals can also be
converted into paraffins, inasmuch as these bodies are readily trans-

formed into iodides of monad radicals by the action of hydriodic acid.

Thus maniiite CgHg(OH)g yields hexyl iodide :

—

C(.Il8(OH)3 4- ilHl = C^iy 4- 6H.,0 -h 51,

And this iodide is transformed by nascent hydrogen into hexane:

—

+ II2 = C3II,, 4- HI
Instead of acting on the iodides with nascent hydrogen they may

be heated with zinc and water in sealed tubes to 150°, when basic
zinc iodide and a paraffin are formed :

—

The paraffins obtained from the iodides by these two methods
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have been called hydrides; methane being considered as methyl

hydride
j| |

and hexane as hexyl hydride
|

. Rut from

these names it might appear that the paraffins contain one atom of

hydi'ogen combined with carbon in a manner different from tliat in

which the remainder of the hydrogen is attached to the carbon, which
is not the case

;
for on further action of ddorine on the monochlorides

we obtain chlorides of dyad, triad, &c. radicals, propane for instance

yielding :

—

Propyl Chlorule. Propene Dichloride. Propeiiyl Tricliloride.

C3H,Cl3

And therefore propane might be called propene hydride and propenyl

hydride, as well as propyl liydride.

A second general method to obtain paraffins is to act with a metal

upon an iodide of an alcohol radical
;
in this reaction the radicals

are set free, but as a monad radical, as we have seen, cannot exist in

the free state, two of them are linked together by the two free com-
bining units. Thus by heating dry methyl iodide and zinc to 150°,

ethane is formed :

—

2CH3 -h Zn = C3H3 4- Znh,

Sodium acts violently upon a mixture of ethyl and amyl iodide, the

liydrocarbon being formed :

—

C.3H3I + Cyiiil + Na.3 = cur,
3 + 2XaI

The paraffins formed by this synthetical process have been called

alcohol radicals, because it was formerly believed that their constitu-

tion was different from the so-called hydrides
;
they were regarded as

tlie free radicals, of which two were united to form a molecule, just as

the molecule of hydrogen consists of two atoms. But we now know
that hydride 6f ethyl is identical with dimethyl

;

both possessing the

same physical and chemical properties, and yielding by the action of

chlorine as the first product, ethyl chloride.

In ethyl-amyl one atom of carbon in the ethyl group is linked to

one atom of caihoti in amyl, exactly in the same manner as all the

other carbon atoms are attached to each otlier, and thus on acting

with chlorine on this hydrocarbon, we obtain heptyl cJdoridc C-Ilj^Cl,

and not, as might have been expected according to the old theory, a

mixture of ethyl chloride and amyl chloride.

A third general method of ol)taining paraffins consists in the

decomposition of an alkaline salt of a fatty acid by tlie galvanic

current. AVhen an acid or a salt is decomposed by electrolysis, the

basic hydrogen or the metal is set free from the — pole, and the

remainder of the compound from the 4- pole. The first action of a

galvanic current upon a concentrated solution of potassium acetate is

conse(|uently to resolve the salt into K and 0.311302. But as this

decomposition takes place in presence of water, the latter is acted
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upon by the potassium, and hydrogen is given off from the — pole,

wliilst the group C.JlgO.,, which cannot exist in the free state, is

decomposed into carbon dioxide and methyl CH3, of which latter two
combine to form ethane. This electrolysis of acetates may be ex-

pressed by the folloAving equation :

—

OIL cn, CTL

I +1 =
I

+ 2CO., + li.,

CO.3II CO.,H CJI3

I’aratfins are also formed by heating the fatty acids and the acids

of the series C'„H2„(C02H)2 with an alkali. When sodium acetate

is heated strongly witli caustic soda, pure methane is given off:

—

p[ )

I + Na 0 = Oil, + CO,N„^
COjXa

By heating suberic acid with caustic baryta hexane is formed

{ co!h
+

There is one method by which, it appears, paraffins can be obtained

from almost every carbon compound. This method consists in heating

the substance with a large excess of fuming hydriodic acid in sealed

tubes to a very high temperature. The products consist of one or

several paraffins, besides free iodine, oxides of carbon, ammonia (when
the substance contained nitrogen), and other bodies. By this reaction

ethyl alcohol CgHyO and acetic acid were converted into

ethane C.,Hg
;
butyric acid and succinic acid C^HgO^ yielded

Imtane whilst benzene C^Hg and phenol CgHgO were transformed

into hexane CgH^^. Broni wood, charcoal, and coal, a mixture of a

great number of paraffins was obtained, but graphite underwent no
change.

Paraffins also generally occur amongst the products of destructive

distillation of organic substances, and are consequently found in

wood tar and coal tar, chiefly in such which have been obtained from
coal rich in hydrogen, as that known as boghead and cannel coal.

Some kinds of petroleum, as for instance that now largely exported
from Pennsylvania, consist chiefly of a mixture of paraffins, which
may be isolated by treating the oils with sulphuric acid, and after-

wards with fuming nitric acid, or a mixture of concentrated sulphuric

acid and commercial nitric acid. All other compounds occurring

besides paraffins in these oils will thus be removed, being either

oxidized or converted into nitro compounds, which are either dis-

solved by the acids or are much less volatile than the hydrocarbons.

The oils are now washed with water, dried over caustic potash, and
rectified over sodium. The distillate now consists only of paraffins,

which are separated by fractional distillation.

In the chapter on isomerism, it has already been meniioned that
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among the paraffins a great mimber of isoinerides may exist. Those
of which the constitution has been ascertained may be divided into

the following four groups

;

—
(1) Normcd Farajfins .

—

The carbon atoms are linked together to a

single chain, or no atom of carbon is united vdth more than two
others, thus :

—

C—C—(J—C—&c.

The following are known ;

—

jMethane . . 0 K,

Boiling-

point.

gas Hexane • O
3
H,,

Boiling-

point.

71°

Ethane . . 0,113 — Heptane . • 0
, 11,3 100

Propane • C
3
H

3
•

—

Octane . . Cg H
,g

125
Butane . + 1

°
Dodecane . C^Hog 201

Pentane 38 Hecdecane 0
,3113, 278

(2) The paraffins of the second group are derived from propane by
a single chain of carbon atoms being linked to the middle carbon

atom :

—

CH„

I

CH—CH,—&c.

I

CH,

The lowest member of this group contains, therefore, four atoms of

carbon, and can be considered as marsh-gas in which three atoms of

hydrogen have been replaced by methyl, and may therefore be called

trimctJiyl-nietliane. The following are knoAvn :

—

Boiliiig-point.

( cir
3

Trimethyl-methane CH-^ CII3

( OH3
- 15'

Dimethyl-ethyl-methane.

(Amyl Hydride)

(0113
Cll -3 CH.,

( 0.H5
-f 30

Dimethyl-propyl-methane
(Ethyl-butyl)

(OH3
Oil-’ CH.,

( O3
H,

02

Dimethyl-buty1-methane
(Ethyl-amyl)

CH-^ CIL,

( 0,H,
91

(3) The parathns of the third group contain the group CHg—CTl
— 01 [3 twice, the lowest member being tciramctJnjJ-cihanc :

—



THi: CABBON (JOMPOUNDB. lb

CH
3 CH,

\' /
CH— Cll

/ \
CII3 CH3

The following belong to this group :
—

Tetrainethyl-ethane

(Di-isoprop}'l)

Tetrainethyl-butane

(Di-isobutyl)

Tetramethy1-pentane
(Ainyl-isobutyl)

Tetramethyl-hexane
(Diamyl)

(4) One atom of carbon is linked

Tetramethy1-methane

Trimethyl-ethyl-niethane

Diniethy1-diethyl-methane

Boiling-poilil.

c.,113(0113), 58°

cA(CH3), 109

C5Hs(CH3), 132

CcHioCCHg), 158

together with four others :

—

CCCHg),
Boiling-point.

9-5°

n f
(CH3)3

1 C 2
H

3

45

c J (CH
3),

1

86

The paraffins found in coal naphtha and in American petroleuii!

belong to the first group
;
besides these, petroleum contains smaller

cpiantities of hydrocarbons belonging to other groups. Solid paraffins

occur also in nature
;
thus attar of roses contains one which appears

to be CjglTg^. Boghead coal, which on distillation yields a large

quantity of liquid and solid paraffins, contains solid paraffin ready
formed, which can be extracted by means of ether

;
and similar com-

pounds are found in coal measures and other bituminous strata,

forming the minerals known as fossil wax, ozocerite, &c. Solid

paraffin exists also in large quantities in Canadian petroleum and
other kinds of rock oil.

COMPOUNDS OF MONAD EADICALS.

By substituting in a paraffin one atom of hydrogen by anotlier

element or radical, compounds are formed in which the residue of

the hydrocarbons acts as a monad radical. These radicals have been

called the alcohol radicals, as of their compounds the alcohols have
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l)eeii known longest, and the}'' moreover generally serve as starting-

points for the preparation of other componnds. The alcohols are

hydroxides or componnds of the alcohol radicals with the monad
group hydroxyl OH. Thus common alcohol C.^Hg.OlI may be looked
upon as ethane in wliich one atom of hydrogen has been exchanged
for on, or may be considered as water in which one atom of hydro-

gen has been substituted by the monad radical ethyl ;

—

H '(

j

O ^^hlter
C.,Hr, )

Ethyl Hydroxide or

li j
Ethyl Alcohol.

The alcohols have therefore a constitution analogous to that of the

hydroxides of monad elements, such as potassium hydroxide KOH,
and as by acting with an acid on the latter we get a potassium salt

and water, so by treating an alcohol with an acid it yields a comj)ound

or saline ether, the alcohol radical replacing the hydrogen of the

acid :

—

C
2
H

5
.OH + HCl = H^O + C.,H

5
(T Ethyl Chloride.

C
2
H

5
.OH + HNO 3 = II

2
O + C.,H,.N( )3 Ethyl Nitrate.

CgHg.OH d ^ I
'^^4 = 1̂

2
^ + ^^^H j

Ethyl-sulphuric Acid.

In a great number of other reactions the alcohols behave in a

manner quite analogous to water, as the chemical properties of their

radicals have much greater resemblance to those of hydrogen than to

those of the metals. By acting with iodine and })hosphorus upon
water we obtain phosphorous acid and hydriodic acid or hydrogen

iodide, whilst by the action of these elements on an alcohol the corre-

sponding iodide is formed :

—

r + 31 -p 311,0 = B03H3 + HI

r -f 31 -h 3C.
3
H

5
.OH = BO

3
H

3 + 3C
3
H

5
I

Bhosphorus trichloride and water yield phosphorous acid and
hydrochloric acid, and by the action of the trichloride on alcohol

ethyl phosphite is formed :

—

rCl3-l-3H/) =E03ll3 +3HC1
rci3 -p 3C3H5.0H = i’03(c.,iy3 + 3HC1

The alkali-metals act violently upon the alcohols, hydrogen being

given off, and a mixed oxide or an alcohol, in which one atom of

hydrogen has been replaced by the metal, being formed :

—

I. Q 1 X‘i — ^-^^5
1 0 -p H

By acting upon this compound with ethyl iodide the metal is

I'cplaced by ethyl, and we obtain ethyl oxide or diethyl ether :

—
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Na I
^ +

I
C.U^

^•2^ ^5 I 0 a- ^
^

C,Hj'J+ (Na

. By using the iodide of otlier alcohol radicals 'mixed ethers are

formed, as ] 0.
^2^5 J

The oxygen of the alcohols or the ethers may he suhstituted hy
dyad sulphur; such compounds are formed hy acting with alkaline

sulphides upon the chlorides of the alcohol radicals :

—

CjHjCl + K }
S = KCl +

j

S

2C2H5C1 + I
S = 2K01 + I

S

But the analogy between hydrogen and the alcohol radicals appears

most striking when the latter replace hydrogen in ammonia. The
compound ammonias or amines thus formed are volatile bodies, pos-

sessing an amnioniacal smell, having a strong alkaline reaction, and
combining with acids like ammonia. The amines are obtained by
heating the iodides of the alcohol radicals with ammonia :

—

C.,H,I -P HH bN = HI +
h)

Etli3']amiiie.

O2H5)
H bN
h)

By acting again upon ethylamine with ethyl iodide a second atom
of hydrogen is replaced by ethyl :

—

Diethylamiiie.

C.,H,
) ^

C.JT,J -P hI N = HI + C^H, bX
IlJ- tij

On subjecting diethylamine to the same reaction we obtain triethyla-

mine O^Hj y X. Instead of substituting the three atoms of hydroo-en

in ammonia by one and the same radical, we may replace them by
different radicals, and thus obtain mixed amines, as methyl-ethyl-

C II
3

f

amylamine C2H5 yX.

<^aHn i
. .

The triamines combine directly with iodides, just as ammonia
combines with hydriodic acid. The compounds thus obtained are
not decomposed by alkalis as the salts of the amines are, but are
acted upon by moist oxide of silver, a hydroxide being formed :

—

N(C,H,)J + I O =
I
„ ^
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Tetrethylamnionium iodide yields tetretliylammonium hydroxide.

These hydroxides are iion-volatile solids and very soluble in water

;

they have a very strong alkaline reaction, and are as caustic as caustic

potasli, and give with metallic salts reactions like those of the caustic

alkalis. Like the latter they neutralize acids, a salt and water being

produced. The chlorides of these compound ammoniums, as well as

the hydrochlorides of the amines, form crystalline double compounds
with ])latinum tetrachloride and gold trichloride, corresponding to

the double salts of ])otassium- and ammoninm chloride, and their

sulphates combine with aluminium sulphate, forming alums isomor-

phous with common alum.

The monamines are readily acted upon by nitrous acid
;
just as

ammonium nitrite easily splits up into nitrogen and water, so a

solution of ethylammonium nitrite (which may be obtained by decom-
posing the chloride with silver nitrite) }delds on heating, nitrogen,

ethyl alcohol, and water :

—

= C,H,.OH + N, + H,0

The other elements of the nitrogen group form comjrounds coi’re-

sponding to the amines, &c. :

—

Ethylpliosphine.

1.

Trimetliylarsine,

CH,
ICH3 VAs

CH3>

Diethylpliosphine.

c.,H, br
“
li

Triethylstibhie.

^2^5 i

CoH, '-Sb

CJiJ

Trietliylphosphine.

r

Triethylhisinutliiiic.

-Bi

C.H, j

Alcohol radicals can also be combined with several metals
;
these

compounds correspond to the chlorides of the metals :

—

NaCl NaCJd, Sodium Ethide

y fCl

1 Cl
Zn /

1

Zinc Ethide

rci
(
C.d L,

c )ci
Cl

Sn '

1 C,H,
Stannic Ethide.

(ci

The compound ethers of the acids of cyanogen have a particular

theoretical interest on account of each occurring in two isomeric

forms.

By acting with silver cyanide upon ethyl iodide we obtain ethvl

cyanide, a volatile liquid, which is acted upon by aqueous acids with
the formation of etliylamine and formic acid. Ethyl cyanide or ethyl

carhaminc. is also formed by acting with caustic potash upon a
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solution of ethylamiiie in cliloroform CCI3H. These reactions show
that in these carhainines, tlie alcohol radical is combined with the

nitrogen of cyanogen :

—

(
1
)
CN.C2H5 + 2H,() = H2KC2H5 + CH.P2

(
2
)
CCI3H + H^N.CJT, = CN.C2H5 + 3HC 1

The carhamines are transformed by tlie action of heat into

isomerides called nitriles, which are therefore always obtained when
the metal in a metallic cyanide is replaced by an alcohol radical in a

reaction taking place only at a high temperature. The nitriles are not

acted upon by acjueous acids, but they are decomposed on heating

them with alkalis, ammonia being formed and a fatty acid, containing

one atom of carbon more than the alcohol radical. This reaction

shows that the carbon of the cyanogen is combined with the alcohol

radical. Thus the isomeric ethyl cyanide or ’pro'pionitrile yields

propionic acid :

—

I
+ 2H„0 =

1
+ NIL

ON " OO.OH

Wliilst ethyl carbamine is still an ethyl compound, its isomeride

propionitrile does not belong to this group
;
but is a derivative of

propane CgHg, three atoms of hydrogen of this paraffin being replaced

by nitrogen.

The nitriles combine with hydrogen in the nascent state, forming an
amine. Thus propionitrile yields proj^ylamine :

—

CH„ OIL

I I

CH^ + 2H, = CH^

1

"
I

CN CH.2.NH2

Cyanate
|
0 is formed by passing the vapour of cyanogen

chloride into sodium ethylate :

—

CNl
Cl| +

C.2H, I 0 _
Na J

^ ~ I

CN j

0 4- NaCl

By the action of alkalis it is decomposed in the same manner as

other compound ethers, alcohol and potassium cyanate being formed.

A body isomeric \vith ethyl cyanate is obtained by distilling a

mixture of potassium cyanate and potassium ethyl sulphate. In this

reaction most probably ethyl cyanate is first formed, wliich how-
ever, at tlie high temperature at which the reaction takes place,

undergoes a molecular change, being converted into ethyl carlnmuh

On heating tins compound with caustic potash, we obtain
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etliylamine and carbon dioxide, wliicli proves that the alcohol radical

is combined with nitrogen ;

—

The same hinds of isomerism occur amongst the ethers of sulpho-
cyanic acid :

—

S f

^
(
CN Ethvl Sulphocyanate N I

Eth}l Sulpho-
‘ j- ^ carbum de.

The first of these compounds yields, on treating it with caustic

potash, potassium sulphocyanate and ethyl alcohol, whilst the second
when heated with water forms etliylamine, carbon dioxide, and
hydrogen sulphide :

—

N
I

+ 2H,0 = N
I

+ CO, + H,S

The alcohols and their derivatives are divided into three very

distinct groups.

(1) PE IMARY ALCOHOLS AND FATTY ACIDS.

All paraffins contain the group CHg twice or more. By replacing

one atom of hydrogen in one of these methyl groups by hydroxyl we
obtain a primary alcohol :

—

Etliyl Alcohol.

CH3

cn2.on

Propyl Alcohol.

CII3

I

CH2

I

CH2.OH

Isobutyl Alcohol.

CTlJ CH.,

\/
Cl I

I

The most characteristic property of the primary alcohols is that by
the moderate action of oxidizing agents, they first lose two atoms of

hydrogen, a compound being formed called an aldehyde (alcohol

d'ehydrogenatum). Ethyl alcohol yields acetaldehyde ;

—

C
2
II

0
O + 0 = C.2H,() + H^O

The aldehydes combine again with nascent hydrogen, being recon-

verted into alcohols, but they much more readily take up one atom
of oxygen and form monobasic acids, which are compounds of

monad oxygenated radicals, containing one atom of oxygen in place

of two atoms of hydrogen in the alcohol radical :

—

Ethyl Alcohol.

II I

" + "2

Acetic Achl.

C2H3O I
H i

^ + TT.,()
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These monobasic acids have been called fatty acids, because many
of them occur ready formed in different fats and oils. The hydroxyl
of these acids can be replaced by the elements of the chlorine group.

Thus by acting with phosphorus trichloride upon acetic acid, we
obtain acetyl chloride :

—

3
C,H30 1

H j

^ + PCI3 = 3 + PO3II3

The chlorides of the acid radicals differ from those of the alcohol

radicals by being less stable compounds
;
they are rapidly acted upon

by water with the formation of the original fatty acid and hydro-
chloric acid.

The hydrogen in the hydroxyl group can also be replaced by alcohol

radicals as well as by metals
;
the compounds thus formed are named

saline or comjpound ethers. These ethers may be formed by different

reactions. Thus ethyl acetate may be obtained

—

(1) By heating potassium acetate with ethyl chloride ;

—

C2H3O
1 QK j

^ +
Cl

C,H
T 1 _ C,H30

1 0 ,

Cl
I

[5I
" + Iv|

(2) By acting upon ethyl alcohol with acetyl chloride :

—

C2H3O )

Cl j
+ I 0 -+ H j

^ - C,H30 }

j

0 +
H)
Cl j

(3) By distilling a mixture of ethyl alcohol and sulphuric acid with
potassium acetate :—

•

C.H30 1 C,H, 1 _ C,H30
I 0 + H 0H j

^ + H j

^ “ C2H5 1
+ "

The oxides of the acid radicals, commonly called anhydrides, are

also known. Thus Ave obtain acetyl oxide or acetic anhydride by
acting Avith acetyl chloride upon potassium acetate :

—

C,H,0 1 C.,H30 1 _ C,H30 1
Cl I

+ Na
j

^ “ C.,Tl30 j

^ ^

These anhydrides are readily acted upon by Avater, thus :

—

0,1130 1 0 ,

H 1 Q _ C3H3O 1 Q C3H3O
) 0

C,H,0 i
" + H j

" “ H j

^ + H J

By acting on fatty acids with phosphorus pentasulphide Ave obtain

so-called thio-acids :

—

5
]

0 ) + IVS3 = 5
(‘^==”

4? I
s ) + r.oHj

These thio-acids are also monobasic, and form salts, saline ethers,

anhydrides, &c. ;

—

C

I S Potassium Thiacetate

o
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C,H,0 )

j

^

c.ir^o )

.

C,ll3(3
j

Ethyl Tliiacetate

Tliiacetic Anhydride or Acetyl Sulphide

The acid radicals can also replace hydrogen in ammonia and in the

amines
;
such compound ammonias are called amides :

—

Acet- Diacet-

amide Tr (
amide

CAIgO
)

c;ii,o In
- h|

Ethyl-

diacetamide

C,H30
)

cyiaO U
In a great number of reactions the fatty acids are decomposed in

such a manner that one atom of carbon is separated from the mole-
cule. AVe have already seen that by electrolysis acetic acid splits up
into hydrogen, carbon dioxide, and methyl, which latter in the nascent

state combines with another methyl to form ethane :

—

COg + lt.2 -f
f
CH

3

I CII
3

By the same reaction butyric acid C^HgO.^ yields hexane :

—

CO.2 + H3+-f C3
H

(C3H
7

7

On heating a mixture of sodium acetate and caustic soda, marsh-gas
is formed :

—

]

0 +
]

0 = CH, + No,CO,

On the other hand, any fatty acid can be built up synthetically from

an alcohol containing one atom of hydrogen less.

Sodium methide combines directly with carbon dioxide, forming

sodium acetate :

—

NaCll
3 + CO., = NaC2ll302

By combining cyanogen with methyl we obtain, as already explained,

acetonitrile, wliich on heating with caustic potash yields ammonia
and potassium acetate ;

—

CH
3

CH
3

I
+ KOII 11.,0 =

I

+ NII
3

CN “ CO.
2
K

From all these different decompositions and formations of acefic

acid it appears that it contains the group CII
3 ,

and we can explain

all these reactions by giving to acetic acid the rational formula

I O, being a compound of methyl with the monad group

C-=-0,

0 or
I

which has been called carhoxyl or oxatyl. This

Oil

co\
H

^
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compound radical is present in most of the organic acids, and tlie

basicity of an acid depends on the number of times it occurs. Thus
the fatty acids are compounds of carboxyl with monad alcohol

radicals, their general formula being C„H,„ + , CO)
II

The group carboxyl is derived from methyl by oxidation :

—

CH3 CII3 CII3

I

Ethane
1

Ethyl Alcohol
|

Acetic Acid
CH

3
CH

2
.OH CO.OH

Carboxyl is also, as we have already seen, easily derived from

cyanogen, which by the action of alkalis takes up water and forms

ammonia and carboxyl :

—

CH
3

CII
3

1

+2H30=
I

+NH
3

CN COOH

On the other hand, carboxyl can again be reconverted to cyano-

gen
;
by heating ammonium acetate, it decomposes into water and

acetamide :

—

CHo

I

CO.ONH,

CH
3

1
+ H/J

CO.NH2

And on distilling acetamide with phosphorus pentoxide another

molecule of water is taken out and acetonitrile is formed :

—

CII3 CH3
I

=
I

+H.,0
CO.NII

3
.ON

By acting on fatty acids with chlorine, substitution takes place in

the alcohol radical
;
thus from acetic acid the following three chlo-

rinated acids have been obtained :

—

Monocliloracetic

Acid.

CH2CI

I

CO.OH

Dicliloracetic

Acid.

CHCI
2

I

CO.OH

Trichloracetic

Acid.

CO.OH

In the place of chlorine we may also introduce bromine or iodine,

and these elements can again be exchanged by other monad radicals.

By replacing them by alcohol radicals we obtain higher members of

the series of fatty acids
;
thus, by heating iodacetic acid with ethyl

iodide and finely divided silver, butyric acid is formed :

—



84 THE CHEMISTRY OF

CIL CII3

1

CH,I CH,
+ ^g2 = 2AgT -f 1

cn.,i
1

CH,

1

CO.OII
1

co.c

If we act upon the coinpouiid ether of a fatty acid with sodium,

hydrogen is replaced by tlie metal
;
thus etliyl acetate yields aiS the

CH.Na
first product of the reaction sodacetic ether

\

CO.OCJis.
By treating this compound with ethyl iodide the ethyl and sodium

change places, and the ethyl ether of ethyl-acetic acid or hutyric acid

is formed.

It will be easily understood how, by employing other alcoholic

iodides, the whole series of the fatty acids may be built up syntheti-

cally.

By the further action of sodium upon sodacetic ether the compounds
CtIXag CNag

I

and
I

are formed, which are acted upon by the

CO.OC^Hg CO.OCgH,
iodides of the alcohol radicals in the same manner as sodacetic ether.

Thus by treating them with methyl iodide disodacetic ether yields

the ethyl ether of dimethyl-acetic or isohutyric acid, and trisodacetic

ether gives the ethyl compound of trimethyl-acetic or tertiary valerianic

acid :

—

Isolnityric Acid.

CII3 CH3
•

\/
CH

I

CO,II

Tertiary Valerianic Acid.

CH3
I

CH3—c—CII3

I

CO,II

All fatty acids can be again reduced to the alcohols from which
they are derived by oxidation.

(1) By distilling an intimate mixture of dry calcium formate with

the calcium salt of a fatty acid, the aldehyde of the latter is pro-

duced :

—

CIf3 II CII3

I
f

I
=1 -f- CO, + H,0

CO.OII CO.OII con

The aldehydes combine readily with nascent hydrogen, as we have
already seen, and are converted into alcohols.

(2) On acting on a mixture of an acid and its chloride with sodium
amalgam the chlorine is replaced by hydrogen, and the aldehyde thus

formed combines with a molecule of hydrogen :

—
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CJI3O )

Cl I + }
0 )

+ 2Na, =
I
0

+ 3 I
O ).+ NaCl

The following table contains all the primary alcohols and fatty

acids which have been more closely studied :

—

Series of Primary Alcohols. Series of Fatty Acids.

Boiliiig- Boiling-

])oint. point.

Methyl Alcohol CH,0 66
° Formic Acid CII, O

2
100

°

Ethyl C2 H
,3
0 78-4 Acetic C2K O

2
118

Propyl C
3
II

3
0 97 Propionic >> C3 IIq ^2 141

Butyl C, ) 116 Butyric }} C
4
Hg 0, 163

Pentyl „ C
5
H

3
.
3
O 137 Pentyl ic >>

C
5 H,oo; 185

Hexyl Ce 157 Hexylic Oe H12O2 205

Heptyl C, H,,0 176 • Fleptylic C
7 ITiPa 224

Octyl C3
195 Octylic j> 233

Honylic y) C, H,g02 254

Isobutyl Alcohol C, H..0 109° Isobutyric Acid C, Hg O2 153°

Amyl C
5 Hx20 132 Valerianic yy C, H,,02 175

Isohexyl „ Ce 150 Isohexylic
yy Cc H12O2 199

Isoheptyl „ 165 Isoheptylic yy C, H,,02 212

ilelting- Melting-
point. point.

Capric Acid C
10
H.

20
O

2
30°

Laurie yy C
12
H2402 43-6

Myristic
yy

53-8

Cetyl Alcohol 50°' Palmitic yy ^16^32^2 62
Stearic yy C18

H
36
O

2
69-2

Arachidic
yy C 20

H
40O 2 75

Behenic yy C22
H

44
O

2 76
Ceryl C,rH560 79 Cerotic yy ^27^54^2 78
Melissyl „ ^30^62^-^ 85 Melissic yy ^30^60^2 80

The alcohols and acids forming the first group contain the carbon-

atoms linked together in a single chain, and are called normal
compounds, whilst those constituting the second group have the

carbon-atoms arranged in the same way as in the second group of the

paraffins. The constitution of the members of the third group, which
all occur ready formed in nature, is not yet exactly known.
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(2) SECONDARY ALCOHOLS AND KETONES.

In the secondary alcohols the group Oil is linked to a carbon atom,

itself combined with two other atoms of carbon. The lowest member
in the series contains consequently three atoms of carbon, and is the

secondary propyl alcohol or dimethyl carhinol :

—

CII3

I

CH.OH
I

CII3

This body may be regarded as methyl alcohol in which two hydro-

gen atoms are substituted by methyl, and has therefore received tlie

name dimethyl carhinol, the term carbinol being used for methyl
alcohol ill order to avoid such cumbrous terms as dimethylated
methyl alcohol, &c.

Secondary alcohols are formed by several general reactions :

—

(1) On acting with chlorine upon the paraffins there is always a

mixture of a primary and a secondary chloride formed at the same
time.

(2) All alcohols of polygenic radicals yield, on heating them with
an excess of concentrated hydriodic acid, secondary iodides. Thus
mannite C(.Hg(OH)g is converted by this reaction into a secondary

hexyl iodide :

—

03118(011)3 + imi = C3H,3l + 6H.p 5I2

(3) The hydrocarbons of the series CalL,, combine directly with

the hydracids forming secondary chlorides, bromides, or iodides :

—

^'H3 cu.
1

ClI -f III
1

- CHI
1

lu.
1

From these chlorides, &c., the alcohols are obtained by the same
reactions by which the primary chlorides are converted into alcohols.

The secondary alcohols, as well as their haloid ethers, differ from

the primary compounds by being much more easily resolved into an
olefine and water or a hydracid. Both groups, however, are most
readily distinguished by their products of oxidation. The secondary

alcohols lose in the first instance, like the primary alcohols, two

afoms of hydrogen, but tlie compound thus formed is not an aldehyde

but an acetone or Irtone :

—

CII3 )

CII3 j

' CII.OII
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Dimethyl Carbiiiol.

CH
3

1

CII.OH - II.,

Dimethyl Ketone.

CH
3

= CO

CII
.3

CH
3

The ketones contain two alcohol radicals combined with carbonyl

;

they may be obtained by different other reactions besides the oxidation

of secondary alcohols.

(1) By the action of the zinc compounds of the alcohol radicals

upon the chlorides of the fatty acids. Thus zinc methide and acetyl

chloride yield dimethyl carbinol, and by acting upon the same chloride

with zinc ethide, methyl-ethyl ketone is ])roduced :

—

Zn3 +2-^ CO
[ciL

= 2

C3IC
CO
(CH

+ ZnCl,

(2) Ketones are also formed by the destructive distillation of the

calcium- and other salts of fatty acids, or by passing the vapours of

these acids through a red-hot tube :

—

CH,
1

CH
3

1

•CO.OH
— CO + CO, + H.,0

CO.OH
1

I
CH.J

CH
3

The ketones are capable of combining with nascent hydrogen like

the aldehydes, a secondary alcohol being again formed
;
but on

further oxidation they do not yield like the aldehydes an acid

containing the same number of carbon atoms, but the molecule is

broken up into two fragments according to the following law. The
most simple alcohol radical remains combined with the carboxyl and
forms a fatty acid, whilst the other alcohol radical is oxidized exactly

in the same way as the alcohol corresponding to it would be. Thus
CH )

dimethyl ketone
j-
CO yields acetic acid and formic acid (or carbon

^ CH )
dioxide)

;
methyl-ethyl ketone p -r ? - CO yields only acetic acid, and

'^2 ^^5 j

C H 1
diethyl ketone c CO acetic and propionic acids, and the same

^
^ CH

two acids are obtained from methyl-proiiyl ketone
q j

CO, whilst

CO is first resolved into aceticmethyl-isopropyl ketone
CIT

3 )

(0113)3011 j
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acid and dimethyl ketone, which latter is then further oxidized as

stated above.

Tlie constitution of a secondary alcohol, as well as a ketone, can

therefore be easily ascertained by examining their products of oxida-

tion. Thus the secondary hexyl alcohol from maniiite was found to

be metliyl-hutyl carhinol
^ 1

CH.OH
;

for it yields on oxidation

first a ketone, which on further oxidation is resolved into acetic and
butyric acids.

The following table contains the secondary alcohols which have so

far been prepared ;

—

cj;3}cn.oii

Boiliiig-poiut.

Dimethyl Carhinol 84°

]\Iethyl-ethyl Carhinol 97

CH 1
Methyl-isopropyl Carbinol^^jj

^ |
CH.OH 108

Methyl-propyl Carhinol ™3}CH.0H 120

Methyl-butyl Carhinol
CW3 ICH.OH 136

Methyl-amyl Carhinol 147

Methyl-pentyl Carhinol C^: }
CH.OH 160

Methyl-hexyl Carbinol 1 CH.OH
'^

6
*
'13 J

181

Methyl-nonyl Carbinol clii!:}cH.OH 229

(3) TERTIARY ALrOHOLS.

In these alcohols the hydroxyl is combined with a carbon atom
itself linked to three others, the lowest member of the group being

trimethyl carhinol or tertiary butyl alcohol (CHg)
3
C.OTl. Tertiary

alcohols are formed by one general reaction, viz. the action of the

chlorides of the fatty acids upon the zinc compounds of the

alcohol radicals. As we have already seen, acetones are formed by
acting with two molecules of these chlorides upon one molecule of

the zinc compound, but when an excess of the latter is employed the

acetone combines with it just as it combines with one molecule of
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hydrogen. Thus on adding an excess of zinc methide to acetyl chloride

we obtain the compound CHg yCO.ZiiCITg, which is decomposed by

water with the formation ot trimethyl carbinol, marsh-gas, and zinc

hydroxide ;

—

CH ^ CH ^

CH, tcO.ZnCII, + 2IIjO = CH, -C.OH + CH, + Zn(OH).
CH, \ CH, j

The oxidation of tertiary alcohols takes place according to a law
similar to that which rules the oxidation of the ketones

;
the most

simple alcohol radical remaining combined with the carbon-atom by
which the whole group is kept together, whilst the two other radicals

are oxidized separately.

The following tertiary alcohols are known :

—

Trimethyl Carbinol

CH
3 )CH3 IC.OH

Cllaj

Boiling-point.

82
o

CH3
'I

Dimethyl-ethyl Carbinol CHg yC.OH 100

caJ
CH3 h

Dimethyl-isopropyl Carbinol CIT
3
yC.OH 112

(ch3),ch j

Dimethyl-propyl Carbinol
CH

3 )CH3 1 C.OH
C

3HJ
115

Methyl-diethyl Carbinol
CH

3 )C.H^ IC.OH 120

Triethyl Carbinol C^Hg IC.OH
j

140

Diethyl-propyl Carbinol
C

2
H

5 I

C,H. IC.OH
j

—

A very singular reaction must be mentioned here by which normal
primary alcohols may be converted into iso-alcoliols, secondary, and
tertiary alcohols. This general method consists in heating the hydro-
chlorides of the amines with silver nitrite and water. Thus when
normal propylamine is submitted to this reaction it is converted into
secondary propyl alcohol :

—
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C1I3 CH3
I

dl, + NO.OH
1

= Cli.OlI + + IlgO

1

CH,.NH,
I

CII3

By tlie same reaction primary normal butylamine is transformed
into isobutyl alcohol, and isobutylamine into tertiary butyl alcoliol:

—

CII3
1

CH3
1 1

CII2

1

d
1

“
-p NO.OII =

CII2 (Jll.OlI
i

j

CH2.NII,
1

CH3

CII3

1

CH3 Cl
CII2 \/

1

+ NO.OII = c.oir
CH.OH

i

1

0113

CH3

The action of nitrous acid on the monamines may thus be described

as always producing the alcohol of a radical containing one more
methyl group than the original amine, provided the amine he cajiahle

of forming an isomeride containing one more methyl
;
thus tertiary

butylamine cannot contain more than three methyl-groups, and yields,

therefore, by the above reaction again the tertiary alcohol.

METHYL COMPOUNDS.

Methyl Alcohol CH3.OH.—This compound, commonly called wood
spirit {ixedv wine, v\y wood), occurs amongst tlie products of the de-

structive distillation of wood, forming about one per cent, of the

aqueous distillate. To isolate it, the liquid, which contains a large

quantity of acetic acid, is distilled, and the first portion of the distil-

late, consisting of aqueous methyl alcohol mixed with other volatile

bodies, such as methyl acetate, acetone, dimethyl acetal, and empy-
reumatic oils, is rectified over quicklime. On adding anhydrous cal-

cium chloride to the licpiid, heat is evolved, the methyl alcohol

combining with the calcium chloride forming a solid crystalline com-

pound, whilst the other bodies present remain as an oily layer which

is poured off', the last traces of these being removed by heating the

solid mass to 100°, at which temperature the compound is not decom-
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posed. The dry residue yields, on distillation with water, aqueous
methyl alcohol, which is dried over quicklime and again distilled

from a water bath.

The alcohol thus obtained is not quite pure. To prepare the pure
compound, purified wood spirit is carefully mixed with its own weight

of sulphuric acid, two parts of potassium binoxalate are added, and
the mixture distilled. As soon as crystals of methyl oxalate appear
in the neck of the retort, the receiver is changed and the distillation

continued as long as this compound comes over. These crystals are

finely powdered, pressed between filter paper, and dried over sulphuric

acid. On distilling the pure ether with water it splits up into methyl
alcohol and oxalic acid :

—

C O J ch.3
, 2

^^
« o - r o ^

^
I OH3 +

j
^ I H

+ 2
CH3 1 o

II j

^

Tlie dilute methyl alcohol thus obtained is distilled from a water
bath, to remove the greater part of the water, dried over quicklime,

and rectified.

The winter-gTeen oil from Gcmltlicria procumhens, a plant indi-

genous to North America, consists chiefly of the methyl ether of

salicylic acid. On distilling this oil with caustic potash pure methyl
alcohol is obtained.

Methyl alcohol is a colourless, mobile liquid, possessing a pure
spirituous smell; its specific gravity is 0'8142 at 0°, and it boils at

66°. It burns with a bluish non-luminous flame, and is miscible

with water in all proportions. With caustic baryta and with cal-

cium chloride it forms crystalline compounds which are decomposed
by water.

Methyl alcohol is used instead of spirits of wine as a solvent for

resins, essential oils, &c., for heating purposes, and in the manufacture
of aniline colours.

On oxidation it is converted into formic acid
;
this acid is also

formed by passing the vapour over heated soda-lime :

—

CHg.OII -f NaOH = CHO.ONa + 2H2

Potassium and sodium dissolve in methyl alcohol with the evolu-

tion of hydrogen. On cooling, the compounds CH3.OK or CH3.0Na
crystallize out, which are decomposed by water, methyl alcohol and
caustic alkali being formed.

Methyl Chloride CH3CI is obtained by heating a mixture of one

part of methyl alcohol and three parts of sulphuric acid with two
parts of common salt :

—

CH3.OH -h NaCl + H2SO, = CH3CI + NaHSO, 4- lip

It is a colourless gas, possessing an ethereal smell. When exposed

to a low temperature it is condensed to a mobile liquid, boiling at
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— 21°. It burns with a fine green flame, like most organic chlorine
compounds. On heating it for some time in closed vessels with
caustic potash to 100° methyl alcohol is formed :

—

CH3CI + KOn = CH3.OH + KCl

Methyl Bromide CIIgBr is formed by acting on methyl alcohol

with phosphorus and bromine. It is a colourless liquid, heavier than
water, and boiling at + 13°.

Methyl Iodide CII3I.—To prepare this compound 100 parts of

iodine are gradually added to a mixture of thirty-five parts of puri-

fied wood spirit and ten parts of amorplious phosphorus. After

standing for some hours the methyl iodide is distilled off:

—

5CII3.OH + 51 + P = 5CH3I -I- n3PO, -f II,

0

Methyl iodide is a colourless liquid with the specific gravity 2'2 at

0°. It boils at 43°, and possesses a peculiar smell somewhat resem-

bling that of garlic. Like other alcoholic iodides it becomes brown
when exposed to light and air by the separation of free iodine. It is

used in the manufacture of aniline violets and green.

Methyl Nitrate
|
0, a colourless liquid with a pleasant smell,

is obtained by distilling a mixture of methyl alcohol, saltpetre, and
sulphuric acid. It boils at 66°, and its vapour, when heated to 150°,

decomposes with a violent explosion. It is also used in the manu-
facture of aniline colours.

CH 1
Methylsulphuric Aeid

p{ |
SO^.—On mixing methyl alcohol with

concentrated sulphuric acid much lieat is evolved, the following

reaction taking place :

—

CIIyOH + I
SO, =

j

SO, + H,0

To obtain the pure compound the mixture, whicli contains some
free methyl alcohol and an excess of sulphuric acid, is diluted witli

water, and carefully neutralized in the cold Avith freshly precipitated

barium carbonate, and the filtrate evaporated at a Ioav temperature

to obtain the barium salt of the monobasic methylsul])huric‘ acid,

which forms colourless crystals having the composition (CHg)2(SOj2Ba
-1- 2H,0. On adding dilute sulphuric acid to the aqueous solution

of this salt until all the barium is precipitated, a solution of the free

methylsulphuric acid is obtained, which on eA’aporatioii in vacuo

crystallizes in white needles vdiich are readily soluble in Avater,

forming a strongly acid solution.

Methyl Sulphate (0113)280^ is produced by distilling a mixture of

one part of methyl alcohol and eight parts of sulphuric acid. It is a

colourless liquid, smelling like leek, and boiling at 188°. On heating

it Avith Avater it yields methyl alcohol and methylsul])huric acid.
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f'TT 1

Dimethyl Ether or Methyl Oxide 1 0.
3

— This compound is

formed by the action of methyl alcoliol on methylsulphuric acid :
—

^^3 I 0 + ' SO — 0 + ^ SOK )
+ H j

” CH3 j

^ + H I

To prepare it methyl alcoliol is distilled with four times its weight

of sulphuric acid, whilst by using a larger cpiantity of the acid an
exchange occurs in the opposite direction, methyl sulphate and
water being produced.

Dimethyl ether is a colouiless gas, smelling like common ether

;

it can be condensed to a liquid, boiling at — 21°, and combines with
sulphur trioxide, forming methyl sulphate :

—

CH3
) _ CH3

]

CH3 I
^ ^^3 - CH3 /

METHYL CYANIDES.

Methyl Cyanide or Methyl Carhamine ClSr.CHg.-—To obtain this com-
pound two molecules of silver cyanide and one molecule of methyl
iodide diluted with some ether are heated together for some hours iu

sealed tubes. The products of the reaction consist of silver iodide and
a crystalline double compound CN.CHg + AgCN, which is decomposed
on distilling it with potassium cyanide and water.

Methyl carbamine is a colourless liquid, boiling at 58° and possess-
ing a most penetrating, unbearable smell

;
the inhalation of its vapour

produces a bitter taste in the mouth and deep down in the throat.

In larger quantities it causes giddiness, nausea, and headache. Water
acts on it slowly, more quickly, however, in presence of acids, formic
acid and methylamine being formed :

—
CN.CH3 -t 2H3O = H3KCH3 + CH2O3

On heating it gently with mercuric oxide, different products are
formed, amongst which methyl carbimide is found :

—

N|;^“3 + HgO = N|™,_^
r QJJ

Acetonitrile
-j

—On distilling a mixture of potassium cyanide

and potassium methylsulphate, only a small quantity of metliyl
carbamine is obtained, the greater portion undergoing a molecular
change, and forming the isomeric nitrile, a colourless liquid, boiling at
77°, and possessing a penetrating but not dtsagreeable smell. It is

not acted upon by dilute acids, but on heating it with a solution of
caustic potash it yields ammonia and potassium acetate :

—

OPI.,.CN + KOH + ILO = CI^3
] Q ^ yjj3 3 Jv j
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( CH
Methyl Carhimide N

j
is obtained by distilling a mixture of

potassium cyanate and potassium metliylsulphate. It is a colour-

less, very volatile liquid, having a very pungent and irritating smell.

This body has for a long time been regarded as methyl cyauate,

a compound which is not known
;
on heating it with caustic potash

it does not yield potassium cyanate and methyl alcohol, as would be

the case if it were a cyanic ether, but it gives potassium carbonate

and methylamine :

—

^
(
CO

cir^ 1

1 I OK

Methyl Sid;phocyanate
|

S, a colourless liquid, boiling at 133°,

and smelling like leek, is produced by the distillation of potassium

sulphocyanate with potassium methyl sulphate.

combines with

NII.CH

r CH
Metlmjl Sulphocarhimide N

|
—Methylamine

3*carbon disulphide, forming mctlLyl-sulphocarhonic acid CS
|

On heating the silver salt of this acid with water, the following de-

composition occurs :

—

} NII.CH3 _ N f CH, g f II

ISA, I CS lA

Methyl sulphocarbimide forms white crystals, melting at 34° and
boiling at 119°

;
its odour is pungent, and resembles that of horse-

radish. The sulphocarbimides are also called mustard oils, because
they all have a great resemblance to the essential oil of mustard,

f C H
wliicli consists of allyl sulphocarbimide N

|

3-

NITROGEN BASES OF METHYL.

AVlien methyl iodide is heated in closed vessels with an alcoholic

solution of ammonia, the hydriodides of the three amines, together
with tetramethylammonium iodide, are formed at the same time.
To separate these compounds the liquid is filtered, the greater part
of the tetranimonium iodide, which is sparingly soluble in alcohol,

being left behind. The filtrate is evaporated to dryness, and the resi-

due distilled with caustic potash. The vapour is passed into a well-

cooled receiver, in order to condense the dimethylamine and trime-
thylamine, whilst the greater part of the methylamine esca.])es and is

absorbed by dilute hydrochloric acid. The mixture of the two bases,

containing a little methylamine, is mixed with ethyl oxalate, when the

following reactions take place :

—
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Methylamine forms methyloxamide :

—

2(NH,.CH.) + C.,02(002115), = C202(NH.CH3)2 + 2(C2ll5.0H)

Dimetliylauiiiie is converted into the .ethyl ether of dimethyl-

oxaniinic acid :

—

/pp- \ TVl-T I P n f P 0 ^ ^ Q XI OH(CH3)2.NH + O2O2
I

- '^2^J2

[
OOgllg

+ '“2

Trimethylamine, which is not acted ux)on hy the oxalic ether, is

removed by distillation from a water hath, and the residue exhausted

with water, which dissolves the dimethyl-oxamic ether, whilst

methyloxamide is left behind.

( ^^3
Methylamine N •< 11 is obtained by distilling the hydrochloride

.
i

.

or methyloxamide with caustic potash. It is also formed by heating

methyl nitrate with aqueous ammonia to 100° :

—

CH3.NO3 + NH3 =
I
KNO3II

On bringing hydrocyanic acid in contact with tin and hydrochloric

acid it combines with the nascent hydrogen to form methylamine :

—

NCH + = K

I

A fourth method to obtain this base is the decomposition of methyl

carbimide hy alkalis
;

this is the reaction by which it was dis-

covered.

jMethylamine is a colourless gas, condensible by means of a freezing

mixture to a colourless, mobile liquid. It possesses a strong ammo-
niacal smell, and is more soluble in water than ammonia, one volume of

water at the common temperature dissolving about 1,000 volumes of

the gas. Methylamine is inflammable, and burns with a yellowish

flame. The aqueous solution precipitates metallic salts like ammo-
nia

;
the precipitate produced in copper salts is soluble in excess,

forming a deep blue liquid, but the hydroxides of cobalt, nickel, and
cadmium are insoluble in methylamine, whilst silver chloride is readily

dissolved. With acids it forms neutral soluble salts
;
the xflatinum

double chloride (N(C1I3)3HC1)2 -1- I’tCl^ crystallizes from boiling

water in golden yellow plates.

Methylamine occurs in the hrine of herrings and amongst the x^i’O-

ducts of the destructive distillation of animal matter and wood.

Dimethylamine CH3 yjST is obtained by distilling ethyl dimethyl-

oxamate with caustic potash ;

—

C2O.2 J
N(Cll3)

I OC2H5
2 4- 2K01I = N f (CH3), .CO

[
H ^ ^2^'2

f OK
(
OK +C2II5.OII
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It is a colourless gas possessing an ammoniacal smell, and con-

densing at -1- 8° to a mobile liquid.

CII3)
Trimethylamine, CH^ tN boils at -I- possesses a strong smell ot

ammonia and herrings’ brine, and is miscible with water. It occurs

in many plants, as in the flowers of the hawthorn and the pear-tree,

and in Chenopodium vulvaria, as well as in different animal liquids.

Very often it is met with as a product of the decomposition of nitro-

genous animal or vegetable compounds
;
thus herrings’ brine contains

it in so large a quantity that it can be easily prepared from it by dis-

tillation with alkalis.

When trimethylamine is mixed with methyl iodide, heat is evolved,

tetramethylammoni'wiri iodide being formed, a salt which
forms colourless crystals and is not decomposed by alkalis. On treat-

ing its aqueous solution with freshly precij)itated silver oxide, a
strongly alkaline solution of the hydroxide N(Cll3)40H is obtained,

which by evaporation in vacuo over sulphuric acid is left behind as a

crystalline mass, which is as caustic as caustic potash. When exposed
to the air it rapidly absorbs water and carbon dioxide.

niOSPIIOllUS BASES OF METHYL.

CH3')
Methylphosphine It ;-P.—The hydriodide of this base is produced

II j

on heating a mixture of methyl iodide, phosphonium iodide, and
zinc oxide in sealed tubes for four hours to 150 ° :

—

2CII3I + 2PHJ + ZnO = 2(P(CH3)Il2.iri) + Znl, + II^O

On adding water the hydriodide splits up into hydriodic acid and

methylphosphine, a colourless gas, having a most penetrating and

overpowering smell. By pressure or cold it is condensed to a light

liquid, which boils at - 14 °. On mixing the gas with air it takes

oxygen up, forming white fumes, and wlien gently heated it takes

fire. With acids "it readily combines, forming well-defined salts,

which are all decomposed by water. These salts ])ossess the remark-

able property of bleaching vegetable colours, whilst the free base does

not act upon them. This can be easily shown by holding litmus

paper, which has been partly moistened with aii acid and partly with

water, in the gaseous base, when only the portion moistened with the

acid will be bleached. Amongst the salts the most characteristic is

the hydriodide N(CH3)Il3l, obtained in compact crystals by passing

the gas into most concentrated hydriodic acid, whilst from hydriodic

acid diluted with ether it crystallizes in iridescent plates.

On passing methyl])hosphine into fuming nitric acid it is oxidized
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dibasic metli}dpliospliiiiic acid r03(CH3)H2 being formed, a white

crystalline mass, readily soluble in water, and possessing an acid taste.

Dimethylphosphine Cll.jbP.— The hydriodide of this base is

formed together with methylphosphine, and remains behind after the

addition of waiter in combination with zinc iodide :

—

2CH3I + PH,I + Zn(3 = (Cir3)2lIP.lIT, Z11I2 + H,0

This double compound is decomposed hy caustic potash, and the

free base obtained as a colourless liquid boiling at 25 °. Exposed to

the air it takes fire, and burns ivith a luminous phosphorus-like flame.

Py the action of nitric acid it is converted into dimethylphosjihinic

acid P03(CH3)2lT, which is monobasic and forms a white crystalline

mass melting at 76 ° and volatilizing at a higher temperature ivithout

decomposition.

Trimethylphosipliin e is formed by the action of zinc

methyl upon phosphorus trichloride. It is a colourless liquid, boiling

at 40° and possessing a peculiar penetrating smell. It combines with
methyl iodide to form tctramethyliohusijhonium iodide I’(CH3)^I, wdiite

crystals, the solution of which is decomposed by moist silver oxide
with the formation of the strongly alkaline and caustic hydroxide
P(CIl3)^OH. The iodide is also formed together with trimethyl-

phospliiue hydriodide by heating methyl alcohol with phosphoniiim
iodide in sealed tubes :

—

}
0 + I’H.I = (CII,),!', Ill +

j

0

}
o + I’H.i = (C[r,),Pi + I

O

AESENIC BASES OF METHYL.

The compounds of methyl with arsenic may be considered as being
derived from arsenic trichloride ;

—

Ar.senic Trichloride.

rci
As 4 Cl

(ci

Arsendiinethyl Chloride.

CIL

Arsenmethvl Dichloride,

I

CII3

As- Cl

ici

Arsentriniethvl.
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These compounds comhine (in a manner analogous to phosphorirs

trichloride) directly with one molecule of chlorine, and the com-

pounds thus obtained are decomposed by heat with the elimination

of methyl chloride :

—

As(CIl3)3Cl, = As(CH3),C1 + CH3CI

As(CIl3),Cl3 = As(CIl3)Cl, -f CH3CI

The compound of arsenmethyl dichloride with chlorine can only

exist at a very low temperature, as it is rapidly decomposed even

below 0° :

—

ASCII3CI4 = ASCI3 -f CIT3CI

Trimetliijlarsine As(Cll3)3 is easily formed by the action of

methyl iodide upon sodium arsenide AsNa3. It is a colourless

liquid, boiling at 120° and possessing an unbearable garlic-like odour.

It combines readily with the iodides of the alcohol radicals.

Tetramttliylarsonmm Iodide As(CH3)^l crystallizes in shining

plates
;

its aqueous solution is easily acted upon by silver oxide. On
evaporating the alkaline solution thus formed over sulphuric acid,

the hydroxide As(C 113)^0 1 1 is obtained in deliquescent crystals; it

combines readily with acids, forming well-crystallized salts.

Compounds of ArsendimethyL—The starting-point for the prepara-

tion of these compounds is the so-called alcarsine or cacodyl oxide,

a highly poisonous liquid possessing a most horrible smell. This

body is obtained on distilling a mixture of arsenic trioxide and
potassium acetate, a mixture of arscndimdhyl oxide with some arscn-

dimethyl being thus formed, which owing to the presence of the

latter compound, takes fire in the air. "With fuming hydrochloric acid

it yields arscndimcthyl chloride As(Cn3)2Cl, a colourless liquid boiling

at 100°, and possessing a nauseous smell; its vapour attacks the eyes

and the mucous membranes. By distilliim the chloride with a solution

AstCHl )
of caustic potash it yields pure arscndimcthyl oxide . /nri

oily liquid boiling at 120°, which is not spontaneously inflammable
and does not fume when exposed to the air.

Arsendimethyl or Cacodyl («a/co?, ohelv), obtained by

heating the chloride with zinc, is a heavy liquid, boiling at 170°. It

possesses an arsenical penetrating smell, and is a very strong poison.

In contact with the air it takes fire and burns vuth a yellow flame,

giving off dense clouds of arsenic trioxide. 'When air is brought
slowly in contact with it, it is oxidized to cacodyl oxide andcacodylic
acid.

Cacodylic Acid
|
q |g prepared by adding mercuric

oxide to arsendinmth)^ oxide, vdiicli is covered by a layer of water
;

metallic mercury separates out, and on evaporating tlie solution, the
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acid is obtained in large colourless crystals, which are odourless and
have a slightly acid taste. It is not poisonous.

Arsenmo7iomethyl ComiJounds .
—Arsendinietliyl trichloride yields, as

we have seen, on heating, methyl chloride and arsenmonomethyl
dichloride. The latter componnd is also obtained by the action of

dry hydrochloric acid upon cacodylic acid :

—

As(CIl3),0

I
Q ^ ^ As(CH3

)Cl
2 + CH

3
CI + 2II2

O

Arsenmonomethyl Chloride ASCH
3
CI

.2
is a colourless strongly refract-

ing liquid boiling at 135°
;

its vapours violently attack the raucous

inembranes. On adding water and potassium carbonate to it the

oxide ASCH
3O is obtained in colourless crystals, which smell like

asafoetida. By the action of water and silver oxide upon the oxide

JOAg
^3or chloride the silver salt arsenmonomcthylie acid ASOH
3 lOAg

IS

formed. The free acid, obtained by decomposing the barium salt with
sulphuric acid, crystallizes in colourless plates and possesses a pure
acid taste.

METHYLBOEINE OR BORON-METHYL b(CH3)3

is formed by a singular reaction
;

it is obtained by acting on ethyl

borate with zinc-methyl :

—

( OC2II5

2Bd OC
2
II

3 -f 3Zn

( OC2H,

1011
(CH

- 00 f
OIL

^ = 2Bd CII
3 + 3Zn

3 ( CH3

I OC2H,

I OC2H,

It is a colourless gas, having a pungent smell
;
exposed to air it

takes fire, burning with a smoky green flame. By strong pressure or

cold it can be condensed to a liquid. It combines with dry ammonia,

forming the compound B(CH3)3
]SrH

3 ,
a white crystalline mass.

COMPOUNDS OF METHYL WITH METALS.

Zinc Methide or Zinc-methyl Zn(CH3)2 is produced by heating zinc

with methyl iodide. It is, however, much more readily formed when

mercuric methide is heated with granulated zinc in a sealed tube for

24 hours to 120°. Zinc methide is a colourless mobile liquid, pos-

sessing a peculiar disagreeable smell. It takes fire in the air, burning

wuth a greenish blue flame, and with the formation of dense clouds of

zinc oxide. With water it forms zinc hydroxide and methane :

—

Z«{cS:+2h]o = 3''{oU + 2CH.
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On adding sodium to zinc inetliide, zinc separates out, and a

crystalline compound Zn(Cll
3)., + NaCHg is formed. It has not

been possible so far to isolate from this compound pure sodium
metlikU NaClIg. On passing carbonic dioxide over it, it is absorbed,

with evolution of heat and formation of sodium acetate :

—

NaOlIg + CO2 = NaCyigOg

Mercuric Mcthide Hg(CIf
3) 2

.—jMethyl iodide is not acted upon by
liquid sodium amalgam, Init on adding a small quantity of acetic

ether, a brisk reaction set in, sodium iodide and mercury methide

being formed. It is not understood wliat part the acetic ether plays

in this reaction, as it remains unaltered.

Mercuric methide is a heavy colourless liquid with a peculiar though
not an unpleasant smell. It is most poisonous, is not acted upon by
the air, and boils at 95°.

METHANE AND ITS SUBSTITUTION PRODUCTS.

Methane, Methyl Hydride, ClI^.—This gas occurs in nature, being

always formed- when vegetable matters decay in the absence of air.

It is found in coal mines (firedamp), and in marshes and stagnant

waters (marsh-gas), and in many districts it is evolved from the

soil, as in Baku on the Caspian Sea, where the holy fires have been
burning from time immemorial. Although the most simple of all

hydrocarbons, it cannot be produced by direct combination of carbon

and hydrogen, but is formed by passing hydrogen sulphide, mixed
with the vapour of carbon disulphide, over red-hot copper :

—

CS.2 -t- 2S1I.2 -f TCiig = CH, + TCugS

Bure methane is obtained by the action of water upon zinc methyl,

but a readier method to prepare it is to heat a mixture of dry sodium
acetate with twice its weight of soda lime :

—

J CII3

(
COgKa +

I
O = CH, + CO,Na,

Methane is a colourless, inodorous gas, which burns with a pale

flame. It has not yet been condensed to a liquid by the strongest pres-

sure or cold. With ten volumes of air or with two volumes of oxygen

it forms a mixture, which on applying a light ignites with a violent

explosion. By exposing a mixture of equal volumes of marsh-gas and

chlorine to direct sunliglit an explosion takes place, with the separa-*

tion of carbon
;
but in diffused light the action goes on more gently^

the ])rincipal jiroduct being methyl chloride, and if an excess of

chlorine is present higher chlorinated substitution products are

formed. These bodies are generally regarded as compounds of dyad
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and triad radicals, but as they bear very little relation to other groups

of carbon compounds they will be treated of liere.

Methene Dichloride, Dicldoromethane can be obtained by the

action of chlorine upon marsh-gas, or by adding liydrocliloric acid and
zinc to an alcoholic solution of chloroform. It is a heavy liquid,

smelling like chloroform and boiling at 41°.

Chloroform, Trichloromethane CIICI3.—The third substitution pro-

duct of marsh-gas is also formed by the action of bleaching powder on
ethyl alcohol, and other carbon compounds. To prepare it ten parts

of bleaching powder are mixed with forty parts of hot water in a

large still, and one part of spirits of wine is added
;
a reaction soon

sets in by which sufficient heat is evolved to drive the chloroform

over.

Chloroform is a colourless mobile liquid, possessing a peculiar

sweetish smell and taste. It boils at 62°, and has at 0° the specific

gravity 1*525. The inhalation of its vapour produces anaesthesia,

and it is therefore largely employed in surgical operations. It is also

used as a solvent for iodine, bromine, alkaloids, gutta percha, &c.

The smallest quantity of chloroform can be easily detected by
adding to the liquid to be tested a monamine (or aniline) and an
alcoholic solution of caustic potash. When it is present in larger

quantities the peculiar odour of the carbamines is given off at once,

or after gently heating when only traces are present. Vice versa,

chloroform can be used for detecting the presence of a monamine.
Tetrachlorometliane, Carbon Tetrachloride CCl^ is best prepared by

acting with chlorine upon chloroform in the sunlight
;

it may also be
obtained by passing chlorine and carbon disulphide through a porcelain

tube tilled with fragments of porcelain. It is a heavy liquid, boiling

at 77° and possessing the odour of chloroform. On heating it with au
alcoholic solution of potash it yields potassium chloride, potassium
carbonate, and water :

—

CCl, 6K01T = CO
I

+ 4KC1 4- SH^O

When its vapour mixed with hydrogen is passed through a glass-

tube tilled with broken glass, and heated to a dull red heat, hexa-
chlorethaue C2Clg is formed :

—

2CC1, + H2 = 2HC1 + C^G\

Bromoform, Trihromomcthane CHBrg, a liquid resembling chloroform
and boiling at 152°, is obtained by adding bromine to a solution of
])otash in ethyl alcohol

;
bromoform very often occurs in commercial

bromine.

Tetrahromomethane, Carbon TctrabromidcGViX^.—On heating bromine
with carbon disulphide in sealed tubes to 180°, an exceedingly slow
action sets in, which is very much accelerated by adding some iodine.

To prepare tetrabromomethane, two parts of carbon disulphide, four-

teen parts of bromine, and three parts of iodine are heated to 150°
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in sealed tubes for forty-eiglit hours. It is also readily formed by
heating bromoform with bromine and iodine. Tetrabromometliane

crystallizes in white shining plates, melting at 91 °, and boiling with
slight decomposition at 189 ‘

5 °.

Iodoform, Tri-vodomeikmu CIII3.—This compound is formed by
acting with potash or potassium carbonate and iodine upon ethyl

alcohol, aldehyde, acetone, and many other carbon compounds, but

pure methyl alcohol yields no iodoform. It crystallizes in yellow

scales, smells like saffron, melts at 120°, and is decomposed at a

higher temperature, but may be volatilized in a current of steam.

On heating it in a closed tube for some time to 150 °, mcthciie di-

iodide or di-iodomethmic CHgIg is formed, a compound which can also

be obtained by heating chloroform with fuming hydriodic acid :

—

CIICI3 + 4 III = ClI^I, + 3 I1C1 4- I2

This compound is a yellowish heavy liquid, which boils at 181° and
at — 2° solidifies to a crystalline mass.

Nitrochloroform, NitrotricMoromcthanc, or Cldoropicrin C(NO.^Cl3 is

formed when methyl- or ethyl alcohol are distilled with salt, saltpetre,

and sulphuric acid, and also by the distillation of many nitro-com-

pounds with a solution of bleaching powder.
It is best prepared by mixing in a still, ten parts of bleaching

powder with water to form a paste, and adding one part of picric

acid CgH2(ISr0.3)30II
;
a violent reaction sets in and the chloropicrin

distils over. It is a colourless liquid, possessing a most irritating

smell, and boiling at 112 °. On distilling it with acetic acid and iron-

filings it is reduced to methylamine :

—

C(N02)Cl3 + 6II2 = CH3.NII2 4- 3IIC 1 4 2II2O

Nitroform, Triniiromethanc, CH(N02)3.—This body is ])roduced by
decomposing triniproaccionitrile 02(N02)3N (see Tulmiiiates) with

water :

—

I
211,0 = CO, + KlI, + CII(XO,)3

Nitroform is a weak acid
;
the product of the reaction consists

therefore of the ammonium salt. On acting on trinitroacetonitrile with

caustic potash, the potassium salt CK(N02)3 is obtaiped, which forms

yellow crystals. On adding concentrated sul])huric acid to one of

these salts, nitroform separates out as a light oily layer, which on
cooling solidifies, forming colourless, cubical crystals. It has an un-

pleasant smell and bitter taste, and is highly inflanimable. In water

it dissolves with a yellow colour. On quickly heating it or one of its

salts, it decomposes with a violent explosion.

Tciranitromdhanc C(N0.2)4.—?>y passing a current of air through a

solution of nitroform in a mixture of concentrated nitric and sulphuric

acids, tetranitrometliane distils over;—
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CH(N0^3 +
]

0 = C(NO,). + j{ ]

O

It is a colourless mobile liquid, boiling at 120°, and solidifying at

— 13°. It is not explosive, and not intlammuble, but on pouring it

over red-hot charcoal a vivid combustion sets in.

fSO,!!
Mcthine4risidphonic AciclOPl< SO3II.—This acid is formed by

( SO3H
heating calcium methyl-sulphate with a large excess of fuming
sulphuric acid for some time to 100°. To obtain the free acid, the

lead salt is decomposed by hydrogen sulphide
;

it crystallizes in long

deliquescent needles. It is a powerful tribasic acid, decomposing
nitrates and chlorides, and forming well-crystallized salts, of which
the lead and Viarium salt are sparingly soluble in water.

Guanidine C(NH)(NH.,)2.—This powerful base was first obtained

from guanine C^lI^Nj^O, a compound occurring in guano. It is also

formed by heating biuret (see page 67) in a current of dry hydro-
chloric acid gas.

Guanidine is also easily produced by heating cyanogen iodide with
an alcoholic solution of ammonia :

—

ICN -P 2NII3 = C(NII)
I

+ pii

or by the action of alcoholic ammonia upon chloropicrin :

—

CCI3NO2 + 4NH3 = C(NH)(NH2)2 + 3HC1 -f N2 + 2H2O

Guanidine combines with acids, forming crystalline salts, of which
the nitrate is only sparingly soluble in water. AVhen a solution

of silver nitrate is added to its solution the compound CHgiSrg.AgNOg
separates in colourless needles. On adding gold chloride to a mode-
rately concentrated solution of guanidine hydrochloride the double
salt CH^Ng cm -f A11CI3 crystallizes after some time in beautiful,

deep-yellow, long needles.

To obtain the free base the hydrochloride or hydriodide is decom-
posed with a solution of silver sulphate, and baryta-water is added as

long as a precipitate is formed. Cbi evaporating the filtrate in vacuo,

guanidine is left behind in colourless crystals, which are soluble in

water and alcohol
;

it possesses a strongly alkaline taste, and readily

absorbs carbon dioxide from the air.

FORMYL COMPOUNDS.

Methyl Aldehyde or Formaldehyde CH.,0 is a colourless gas,

possessing a pungent and suffocating smell. It is formed by passing

a current of air charged with vapour of methyl alcohol over a coil of
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red-hot platimim wire. The product condensed in a well-cooled

receiver consists of a solution of the aldehyde in methyl alcohol.

Exposed to the air, it absorbs oxygen, the aldehyde being oxidized

to formic acid. This oxidation takes place fpiickly on adding a little

ammonia and silver nitrate to the liquid and heating the mixture
gently

;
metallic silver separates out, which coats the sides of the

vessel with a brilliant metallic mirror :

—

CTI,0 -h Ag.p = CTI,0, -[- Ao2

Like other aldehydes, formaldehyde readily chanc’es into a polymeric

modification
;
for this reason it is impossible to isolate the ])ure com-

pound from its solution, which, on evaporation in mcuo over sulphuric

acid, leaves a white solid residue oi ixiraformahldnjdc a body
Cl I Cl 1which is also formed by heating dichloromethyl ether r ^

with water, and further by the action of silver oxalate on methene
iodide :

—

3C,0,Ag, -h 3CH.J., = C.H.O. + CAgI q- 3CO -h 3CO

Paraformaldehyde (formerly called dioxymcthcnc) is a white in-

distinctly crystalline mass, which sublimes l)elow 100° without ]U‘e-

viously melting. AVhen it is heated in a closed vessel, it melts at

152°, and boils at a few degrees higher, at the same time being resolved

into three molecides of gaseous formaldehyde. Tliis gas can only
he kept for a short time at the common temperature

;
when it is

collected over mercury, the mercury soon begins to rise, the aldehyde
being rapidly reconverted into the paraldehyde.

Formic Acid
|
0.—This acid exists in the free state in sting-

ing-nettles, in red ants, and in several species of caterpillars. Tt may
be obtained by oxidizing methyl alcohol by means of dilute sulphuric

acid and potassium chromate or manganese dioxide. Pesides methyl
alcohol a great number of other carbon compounds, such as sugar,

gum, and starch, yield formic acid as a product of oxidation.

Formic acid is obtained synthetically by heating carbon oxide and
caustic potash in closed vessels, to 100°:

—

v u -t-
IP ^

U _
jp ^

or by the action of moist carbon dioxide on potassium :

—

2UU
J
^^1

iV, - UU
I p^jp

-h
j.

^

U -h
1^ ^

O

The best method, however, for ju'eparing large quantities of formic

acid consists in decoiu})Osing oxalic acid by heat in presence of

ulvcerin :

—

o o

C.,!!,!), = CO2 -h
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The best yield is obtained by heating a mixture of anhydrous
glycerin and crystallized oxalic acid C2Tl20^ + 2H^O from 90° to

100° as long as carbon dioxide is evolved; the residue is again heated

with oxalic acid, and this process several times repeated. During tlie

operation aqueous formic acid distils over
;

at first a dilute acid,

which after each addition of oxalic acid becomes more concentrated,

until, according to the equation

—

C2II2O4 + 2H2O = CO2 + CH2O2 + 2H2O

from each 126 parts of oxalic acid, 82 parts of aqueous formic acid,

containing 56 per cent, of real acid, have been formed.

To prepare anhydrous formic acid, the hot aqueous acid is neutral-

ized with litharge or white lead
;
on cooling, lead formate crystallizes

out, which after having been well dried is placed in a retort, and dry
hydrogen sulphide passed over it, at the same time applying a gentle

heat. The distillate is freed from an excess of hydrogen sulphide by
rectifying it over a little lead formate.

I’ure formic acid is a colourless liquid, solidifying at + 1° in

shining plates, and boiling at lOO'". It possesses a sour and pungent
odour, and a very acid taste, and is so corrosive that it produces
blisters on the skin.

The salts of formic acid or formates are for the most part soluble

in water, and crystallize well. When calcium formate is subjected

to fractional distillation different products are formed, amongst which
formaldehyde is found :

—

Clia
= CH

2
O + CaCOg

On heating the sodinni salt, hydrogen is given off and sodium
oxalate is formed :

—

HCO.ONa • CO.ONa
= 2H+

I

HCO.ONa CO.OIsba

COH )
. .

Ammonium Formate
|
0 is obtained by bringing together dry

ammonia and anhydrous formic acid. On rapidly heating it, it

decomposes into water and hydrocyanic acid :

—

I
°

It has already been mentioned that by the inverse reaction hydro-

cyanic acid takes up water and yields ammonium formate. Hydro-

cyanic acid is therefore the nitrile of formic acid, or it stands in

the same relation to formic acid as acetonitrile (methyl cyanide)

to acetic acid.

The most characteristic of the salts of formic acid is lead formate
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(CHO.Jgl’b, crystallizing from a hot aqueous solution in white, shining,
rhombic ju-isme, which are only sparingly soluble in cold water.

Silver Formate CHldgAg is a Avhite })recij)itate, which on exposure
to the light rapidly blackens. AVhen heated with water it is decom-
posed, metallic silver seijarating out, whilst carbon dioxide escapes:

—

coin 0 =

AVhen aqueous formic acid is gently heated with mercuric oxide,

carbon dioxide is given off, and mercurous formate crystallizes out in

white shining scales :

—

3COH
I^ H j

+ 2HgO (COH),>o
-P CO, + 2H.,0

On boiling this salt with water, a decomposition analogous to that

of the silver salt ensues, metallic mercury and carbon dioxide being

formed. These reactions of the silver and mercury salts are made
use of as a means for detecting formic acid.

Methyl Formate
COH )

CH3 /
0 is obtained by distilling methyl sulphate

with sodium formate :

—

9COH) ^ ,

CH3) ... .COH
1 o 4. ^ SO

CH, j
+ Na ;

It is a colourless liquid, having a pleasant smell, aiid boiling at

33°'4. Chlorine acts on it slowly in the sunlight, imxlilaromethyl

COCl I
formate V 0 being formed, a colourless liquid, possessing a very

pungent smell, and boiling at about 180°. When its vapour is passed

tlirough a glass tube heated to 350°, it is transformed into carbonyl

dichloride :

—

COCl 1 /q _ opnni
CCI3 J

^

Methyl Chloroformate or Methyl Chlorocarhonatc
COCl)
CII3 j

0, a heavy

colourless liquid, possessing a suffocating smell, and boiling at 75°, is

formed by the action of carbonyl dichloride upon anhydrous methyl

alcohol.

Formamide COII.NHg.—This compound, standing intermediate

between ammonium formate and hydrocyanic acid, is obtained by

heating ammonium formate to 140° in the presence of urea, which

is transformed into ammonium carbonate by the water given off.

Formamide can also be obtained by saturating ethyl formate with

dry ammonia, and heating the mixture in sealed glass tubes for two

days in a water-bath :

—

I
0 -f NII3 = COII.NII2 + C2II3.OII
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It is a colourless liquid which boils at about 194°, at the same time
being partially decomposed into ammoiiiu and carbon monoxide, and
partially into hydrocyanic acid and water. By treating it with a cold

solution of caustic potash, ammonia and potassium formate are

produced.

ETHYL COMPOUNDS,

ETHYL ALCOHOL C.^Hg.OM.

This compound is manufactured on the large scale, and is the most
important body of the whole group, being the starting-point I'or the

preparation of all the other ethyl compounds, which have been most
fully investigated. Ethyl alcohol or spirits of wine is obtained by
the vinous fermentation of sugar, a decomposition taking place in

dilute solutions of sugar in the presence of yeast, and by vdiich the

greatest portion of the sugar is resolved into carbon dioxide and ethyl

alcohol 1
—

^6^^1206 = 2CO
2 -f- 2C2HeO

Besides these two products other compounds are also formed in

smaller quantities, such as glycerin, succinic acid, &c. A more com-
plete account of this decomposition will be found under the head of

Eermeutation.

Eerniented liquors are prepared fiem the juice of grapes, apples,

beet-roots, and from corn and potatoes, the two latter being first

treated with an infusion of malt, to convert the starch which they
contain into sugar {vide Sugar).

The fermented liquid is first distilled to separate the dilute aqueous
spirit from the non-volatile substances, and then rectified in stills

which have an arrangement by which the more volatile alcohol

distils whilst the greater portion of the water remains behind. The
spirit thus obtained contains besides water also fusel-oil (which con-

sists of higher members of the alcohol series), and which is removed
by treating the raw spirit with freshly heated charcoal.

Although the boiling-point of water is much higher than that of

alcohol, the latter cannot be completely separated by distillation
;
the

strongest spirit thus obtained containing still about ten per cent, of

water.

To obtain pure anhydrous ethyl alcohol, or ahsolutc alcohol^ a retort

is filled with fragments of freshly burnt quicklime, and the strongest

spirit poured on to it. After standing for a day, it is distilled with
the aid of a water-bath

;
the distillate is nearly anhydrous

;
to remove

the last traces of water it is necessary to leave it for some time in

contact with caustic baryta, and to rectify it again.

Perfectly pure ethyl alcohol is a colourless mobile liquid, which is

almost odourless
;

it boils at 78°’4, and when it is cooled down to
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— 100° it becomes viscid, but does not solidify. Its specific gravity

at 0° is 0\S0G25, and at 15° 0'79307. Ethyl alcohol is very intlani-

mable, and burns with a blue, non-luininous Hame. It absorbs moisture
with great avidity, and is miscible with water in all proportions, the

mixture evolving heat and undergoing contraction. The greatest con-

traction takes place when forty-six parts by weight of alcohol or one
molecule are mixed with fifty-four parts or three molecules of water.

Alcohol is a solvent for resins, fats, essential oils, and many other

bodies which are insoluble in water. IMany salts and also gases

dissolve in it too, some of them being even more soluble in it than
in water.

As the value of spirits of wine depends on the cpiantity of alcohol

contained in it, it is of great importance to have a rapid and exact

method for ascertaining its strength. \Vhen the spirit only contains

water, the amount of alcohol is easily obtained by ascertaining the

specific gravity of the liquid by means of a delicate hydrometer, and
subsequent reference to accurate tables, showing the percentage of

alcohol. When the liquid to be tested contains sugar or otlier non-
volatile substances, as those found in wine and beer, one-third of a
measured quantity of the liquid is distilled off, all the alcohol coming
over with the first portion. The distillate is then diluted with water
up to the original volume, and examined with the hydrometer. In
these determinations the temperature must be observed, and correc-

tions for deviations be made, when the temperature differs iroin that

at which the instrument has been graduated, from the fact that

alcohol expands considerably with an increase of temperature.

The “ proof spirit ” of the excise contains 50'8 per cent, by weight
of alcohol, and has at 15°'5 (G0° F.) the specific gravity 0'920. Owing
to the high duty on pure spirit the Government allow the sale of a

mixture of ninety parts of strong spirit, and ten parts of crude wood
spirit, called “methylated spirit,” for manufacturing and scientific

purposes.

The quantities of alcohol in different spirituous liquors vary very

much. Erandy, whisky, he., contain 40—50 per cent.
;
wines from

17 per cent. (Madeira, port) to 7— 8 per cent, (light claret and hock)

;

whilst ale and porter contain G—8 per cent, and German beer about

4 per cent.

The least trace of alcohol in an aqueous solution can be readily

detected by adding to the liquid a little benzoyl chloride, which is

only slowly acted upon by water, but forms with alcohol at once ethyl

benzoate, a liquid having a very characteristic aromatic odour, and
which will be readily perceived after tlie excess of the chloride has

been destroyed by caustic potash. By means of this reaction the

])resence of 0-1 per cent, of alcohol in a few cb.cm, of water can be
shown.

G IT )

Sodium Ethylate
^

0.—Sodium dissolves in absolute alcohol

with the evolution of liydrogen
;
on cooling colourless crystals separate.
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consisting of a conipound of sodium ethylate with alcohol, the latter

acting like water of crystallization. On lieatiiig these crystals in a

current of pure, dry hydrogen to 180°—200°, all the alcohol is

expelled and pure sodium ethylate is left behind, a white, light,

porous mass, which is decomposed by water into caustic soda and
alcohol, rotassium ethylate is a similar compound.

JiJthyl Chloride CgH-Ol is a colourless gas, possessing a pleasant

ethereal odour
;
on cooling it condenses to a licpiid, which boils at

12°'5. It is inflammable, and burns with a smoky green-bordered

haiiie. To prepare it, absolute alcohol is saturated with diy hydro-

chloric acid gas, and the liquid, after standing for a few days, is heated.

The vapour is washed with warm vmter, dried over fused calcium

chloride, and condensed in a receiver, surrounded by a freezing mixture.

Ethyl chloride is formed in large quantities as a bye-product in the

manufacture of chloral hydrate {vide Chloral).

Ethyl Bromide CgllgBr is best prepared by adding gradually six

parts of bromine to a well-cooled mixture of six parts of spirits of

wine and one part of amorphous phosphorus. After standing for

some time the bromide is distilled off, the distillate washed with
caustic soda solution, dried over calcium chloride, and rectified.

Ethyl bromide is a colourless heavy liquid, possessing a sweet ethereal

odour and boiling at 30°.

Ethyl Iodide C
2
H

5
I.—To obtain this compound one part of amor-

phous phosphorus and five parts of alcohol are placed into a retort, and
ten parts of powdered iodine are gradually added, and the mixture
allowed to stand over night. The iodide is distilled off next day and
purified like the bromide. The formation of ethyl iodide takes place

according to the equation :

—

SCC^Hs.OH) + 51 + r 5C,K,l -f PO,H3 -t- H^O
It is a colourless heavy liquid, having a peculiar, somewhat garlic-

like odour, and boiling at 72°. .When it is exposed to the light and
air it assumes a brown colour, iodine being set free. Ethyl iodide is

very largely used for the preparation of other ethyl compounds, as it

very readily exchanges its iodine by double decomposition. It is

prepared on the large scale, and used in the manufacture of the violets

known as Hofmann’s.

Ethyl Oxide, Diethyl Ether
1
q —qqqg body, commonly called

“ ether,” ^ can be formed by several reactions, the most simple being
the action of ethyl iodide upon sodium ethylate :

—

1
Na f

0-f-
1 }

C.H, f
I 0 ,

CVI5 j
^ + n

Xa j

Ether is manufactured on the large scale by heating a mixture of

^ The name of the radical ethyl is derived from ether; the affix “3d,” -which has
been introduced for the purpose of designating organic radicals, being derived from

“the matter or stuff of which a substance is made.”
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strong alcoliol and concentrated siil[)luiric acid to 140° The reaction

takes place in two stages
;
in the first ethylsulphuric acid and water

are formed :

—

I oH j

^ + ^ so -
H I

^4
- \ QO 4-

II I
+ H]o
H j

^

The ethylsulpliiiric acid acts at 140° upon another molecule of

alcohol
;
hydrogen and ethyl change j^laces, and ether and sulphuric

acid are formed :—

•

CJI, I 4.
C2H5

1 0 - i o +H I
'J -

f
+

The ether and the water produced distil off, whilst the sulphuric

acid remains behind, ready to convert another (quantity of alcohol into

Fig. f).

ether. This method is called the process of “ continuous etherifica-

tion,” as a current of alcohol may be passed without interruption

through the acid heated up to 140°, and thus large quantities be

converted into ether by means of a small quantity of sulphuric

acid. The reason why we are unable to transform, as the theory

indicates, an unlimited quantity of alcohol into ether with a given

quantity of sulphuric acid, is that, besides the chief reaction, secondary

reactions take place at the same time, by which more water is formed

than is removed by the distillation, and the acid becoming too weak

the formation of ethylsulphuric acid at last ceases.
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To illustrate in the lecture room the preparation of ether by tliis

process, the apparatus (Fig. 9) is used.

The crude ether thus obtained swims as a light layer upon the

water, and generally contains besides alcohol also sulphuric dioxide.

To obtain it in a pure state it is washed with dilute soda solution,

dried over quicklime, and rectified with the aid of a water-bath.

To obtain it completely free from water and alcohol, it must be left

in contact with metallic sodium so long as any action takes place,

and then be distilled off.

Pure ethyl ether is a very mobile liquid, possessing a characteristic

penetrating odour and a burning taste. It boils at 34°'5, and has at

0° the specific gravity 0'736. It is somewhat soluble in water, and
mixes with alcohol in all proportions. It is highly inflammable,

burning with a luminous flame. Its vapour, which is 2'557 times

heavier than water, and which can be poured from vessel to vessel

like carbon dioxide, forms with air an explosive mixture
;
great

care must therefore be taken, in working with large quantities of

such a volatile and inflammable body, to avoid the presence of any
light.

CH )
Methyl-ethyl Etherq |

0 is obtained by the action of ethyl iodide

upon sodium methylate, and may also be prepared by heating methyl
sulphuric acid with ethyl alcohol. It is a very volatile liquid, boiling

at 12°.

On acting upon well-cooled ether with chlorine in the diffused

daylight, substitution products are formed.

Monoehloretliyl Oxide
j-
0 is a limpid liquid boiling at 97°.

C H cf
Diehlorethyl Oxide ^ ^3 2 f q Poils at 140°, and possesses a pungent

'^2^5 I
.

smell
;
when heated with water in sealed tubes to 120°, it yields

ethyl alcohol and monochloracetaldehyde :

—

CH^Cl

CHCl.OC^Hg
+ H,0 =

CII2CI

Clio
+ HO.C2H5 + HCl

By the action of zinc ethide on diehlorethyl oxide, the compounds

^2^3^K^2^^5)

I
Q and ^2^s(C^J

2 I Q ^re produced. When the first

of these is heated with fuming hydriodic acid, it is decomposed with
the formation of ethyl iodide and secondary butyl iodide :

—

CH2CI CH„

C2H5O.CH -H 4HI = CgHJ + CHI -h H2O -h IICl -h 1.2

I I

C^H,
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Dietliylated etliyl oxide is converted by liydriodic acid into etliyl

iodide and a secondary hexyl iodide :

—

cn,.c,ii5 cn..cui.

cyi.o.cii + 2111 = CULI + CJII + n.,0

r nri 1
Tdrachlorethyl Oxide 2^, li(|uid boiling at 189”, and

smelling like fennel. On heating it with water to 100° it yields

alcohol and trichloracetaldehyde (chloral) :

—

CCI3 CCl3

+ lu) =
1

+ no.cyh, + HOI
CCI.OC2II5 “ CilO

C Cl )
rerchloretliyl Oxide kO is the final product obtained by acting

with chlorine on tetrachlorethyl oxide in the sunlight. It forms white
crystals melting at 69°, and decomposing at 300° into hexachlorethane
and triacetyl cliloride:

—

j

+ C2CI3OG1

CHI
Ethyl Nitrate fd may be obtained by gradually adding

perfectly pure concentrated nitric acid to absolute alcohol, which is

contained in a vessel surrounded by ice. Common nitric acid exerts

a violent action on alcohol, oxidation takes place, and nitric trioxide is

given off, which acts on a portion of the alcohol, forming ethyl nitrite
;

but if a substance is present which is capable of destroying any
nitrogen trioxide as soon as it is formed, ethyl nitrate will be pi'o-

diiced. This compound can easily be prepared in quantities by
mixing one ])art of urea Avith five parts of pure nitric acid and three

parts of commercial absolute alcohol, and distilling the mixture. To
the residue the same quantities of acid and alcohol may be added,

and the operation be repeated so long as no red fumes appear.

Ethyl nitrate is a liquid possessing a fragrant odour and boiling at

86°. It burns with a bright white flame, and its vapour, when heated

above the boiling-point, deconq30ses with a violent explosion.

Ethyl Nitrite C.dh-.NO.^ is a mobile, very volatile liquid, having a

very agreeable odour of apples, and boiling at 16‘5°. It is best pre-

pared % acting upon ]3otassium nitrite with a cold mixture of alcohol

and sulphuric acid. Caustic potash decomposes it into alcohol, and

potassium nitrite and nascent hydrogen acts on it in the following

way :

—

CJt,NO,, + 3H2 = CJ1,.01I -h 11,0 -f NIT3
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The siveet spirit of nitre of pharmacy, which is prepared by distil-

ling a mixture of alcohol, sulphuric and nitric acid with copper wire,

consists chiefly of a solution of ethyl nitrite in sjnrits of wine, but

contains also aldehyde and other products.

Nitro-ethane CgH^-NO.^.—This isomeride of ethyl nitrite is pro-

duced by heating ethyl iodide with silver nitrite. It is a limpid and
very refractive liquid, boiling at 112°, and possessing a peculiar

pleasant smell. It has acid properties
;
with alcoholic soda it solidi-

fies to a white magma, which after expelling the alcohol has the

composition C.2ll4Na.N02. On heating this compound it exjDlodes

like gun-cotton. By the action of nascent hydrogen it is converted

into ethylamine :

—

C2H5.NO2 + 3II2 = C2H5.NH2 + 2H2O

This reaction shows that in this compound the nitrogen is com-
bined with carbon, whilst in ethyl nitrite the nitrogen is linked

to the ethyl by means of an atom of oxygen, the constitution of the

isomerides being :

—

Ethyl Nitrite.

C
2
II, O.NO

Nitro-ethane.

|S>
Ethpl Perchlorate C.,Hg.C10^.—This is the only ether of the oxyacids

of chlorine known. It is obtained by distilling small quantities of

an intimate mixture of potassium perchlorate and potassium ethyl-

sulphate, as a colourless liquid having an agreeable smell
;
the dry

compound explodes most violently by the faintest concussion.

CHI
Ethyl Hydrosulphate or Ethylsididiuric Acid ^

jj j

^^
4

-—This

compound, also called sulpfhovinie acid, is formed by mixing sulphuric
acid with alcohol. The yield varies according to the strength of the
alcohol and the heat evolved on mixing it with the acid. By heat-
ing the mixture and allowing it to stand for some time, more will be
formed, but it is not possible to convert all the alcohol or all the sul-

phuric acid present into ethylsulphuric acid. The liquid is diluted

with a large quantity of water, neutralized in the cold with barium
carbonate or lead oxide, and the filtrate evaporated to a small bulk
on a water-bath, and left to crystallize. Troin the solution of the
barium or lead salt the free acid is obtained by dilute sulphuric acid
and evaporating the filtrate in a vacuum. It forms a strongly acid,

syrupy liquid, wliich is very easily decomposed, and has not yet
been obtained quite free from sulphuric acid. Ethylsulphuric acid
is monobasic, and forms well-crystallized salts, which are all soluble

in water; on heating them with water they decompose, alcohol and a

sulphate being formed.

Ethyl Sulphate [ SO^ is not formed, like methyl sulphate, by

the action of ethylsulphuric acid upon ethyl alcohol, but is ob-

C
'

1
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tained by passing the vapour of sulplmr trioxide into well-cooled
anhydrous ether, a reaction perfectly analogous to the formation of
sulphuric acid from the trioxide and water :

—

0 -h SO3
C.H, I

j

so,

The product of the reaction, when shaken with four volumes of water
and one of ether, separates into two layers, the lower consisting of
an aqueous solution of ethylsulphuric acid and other products, whilst
tlie upper layer consists of an ethereal solution of ethyl sulphate. By
heating it gently the ether is volatilized, and ethyl sulphate remains
as a syrupy liquid, smelling like peppermint. It cannot be distilled,

as it is decomposed by heat. Ethyl sulphate is also produced by the
action of sulphuryl chlorhydrate on absolute alcohol :

—

2CJ-I5
1 o + HO

II j
+ Cl }

so - C2H5O

}
SO, 4- HCl -h H,0

C II 1
Ethyl Sulphite

f
SO

3
is obtained by acting on alcohol with

thionyl chloride SOCl.^ (the chloride of sulphurous acid) :

—

SOCI
2 -h 2C2H,.0H = p2^50

I
so -h 2HC1

and is also formed, together with other products, by adding absolute

alcohol to chlorine bisulphide SgClg. It is a limpid liquid, boiling at

160°, and smelling like peppermint
;
it is slowly decomposed by water,

and quickly when heated with a solution of caustic potash. By act-

ing on it with caustic potash in the cold, potassium cthylsulphite

C I^ }
formed, which crystallizes in silky scales. The free

ethylsulphurous acid is not known, but an isomeric compound called

ethylsulphonic acid exists, which is formed by oxidizing ethyl sul-

pliide, hydrosiilphide, and other sulphur compounds of ethyl. The
potassium salt of this acid is also obtained by heating ethyl iodide

with a concentrated solution of potassium sulphite. The free ethyl-

sulphonic acid is best prepared by decomposing the lead salt with
hydrogen sulphide. On evaporating the solution it is left as a

heavy oil, which after some time solidifies to a crystalline mass. It

is a monobasic acid and a very stable compound; its salts crystal-

lize well.

The existence of these isomeric compounds shows that the two
hydrogen atoms of sulphurous acid have not the same value, or

occupy difierent positions in the molecule, the constitution of these

different compounds being probably as follows :

—

Sulphurous Aciil.

TT_0_S—0—0—

H

Ethyl Sulphite.

O—S—0-0—G„IT,
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Potassium Ethylsulphite. Etbylsu] phonic Acid.

K—0—S—0—0—C2H5 C2H5—0—S—0—0—

H

Ethyl Phosphates.—Orthophosphoric acid forms three ethyl ccm-
pounds :

—

Triethyl Phosphate is obtained by heating silver phosphate with

ethyl iodide, or by acting with phosphorus oxychloride upon sodium
ethylate. It is a colourless liquid, boiling at 215°, and having a pecu-

liar smell. It is soluble in water, by which it is slowly decomposed.
Diethylphosphoric Acid is a monobasic acid, which is only known

in solution. It is formed by bringing alcohol vapour gradually in

contact with phosphorus pentoxide :

—

Lead diethylphosphate is soluble in water and crystallizes in

needles. When heated it melts, and at a higher temperature it is

decomposed into triethyl phosphate and lead ethylphosphate :

—

Ethylphosphoric Acid is also formed by heating alcohol with syrupy
phosphoric acid. It is a colourless, syrupy liquid, of a very sour

taste. The lead salt is almost insoluble in water
;
the barium salt is

readily soluble, and crystallizes in brilliant hexagonal prisms.

Ethyl Pyrophosphate P2^7(^2^5)4’ obtained by the action of ethyl

iodide on silver pyrophosphate, is a viscid liquid.

Ethyl Phosphites.—By acting with phosphorus trichloride on abso-

lute alcohol or sodium ethylate, triethyl phospliite P03(C.,H5)3 is

formed, a liquid boiling at 101° and possessing a disagreeable odour.

By avoiding an excess of alcohol the first product of the reaction

consists of P(OC2H5)Cl2, a limpid liquid boiling at 117°; v/ater

ilecomposes it with the formation of alcohol, phosphorous acid, and
hvdrochloric acid.

«/

Ethylphosphoric Acid ' PO4TT [
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duced by the action of aqueous alcohol on phosphorus trichloride.

Its barium salt is deliquescent
;
the lead salt crystallizes from a hot

aqueous solution in white scales.

^2115)
Ethyl Arsenate [-AsO^, a colourless liquid, is produced by

OAJ
the action of silver arsenate upon ethyl iodide. It boils at 235° with

slight decomposition, and in contact with water it is resolved into

ethyl alcohol and arsenic acid.

C2H5)
Ethyl Arscnite C,IIg > AsOg is prepared from ethyl iodide and silver

arsenite. It is a colourless liquid, boiling at 166°; water decomposes
it into alcohol and arsenic trioxide.

G.H,
Ethyl Borate 0,11^ I-B0O

3
is formed by the action of boron tri-

chloride upon alcohol, and by heating boron trioxide with alcohol,

or by distilling a mixture of anhydrous borax with potassium ethyl-

sulphate. It is a mobile liquid p»ossessing a peculiar smell and bitter

taste, and boiling at 119°. It is decomposed by water; its alcoholic

solution burns with a green flame, giving off white clouds of boric

acid.

Ethyl Silicates.—When absolute alcohol is added to silicon tetra-

chloride as long as hydrochloric acid is given off, and the mixture
subjected to distillation, first normal ethyl silicate Si(OC

2
ll

5)^ passes

over, a colourless liquid, having a pleasant ethereal odour, boiling

at 162°, and burning with a brilliant white flame, emitting a dense
white smoke of finely divided silica. After the normal silicic ether has
distilled over, the temperature rises and diethyl silicate SiO(OC,n5)2

distils, a colourless liquid, boiling at 350°. Both compounds are slowly

decomposed by water, and when in contact with moist air they become
gradually thicker and thicker, until at last silicic acid is left behind
in the form of a perfectly transparent, hard mass.

By the action of silicon tetrachloride upon silicic ether the volatile

compounds ^^ 2
^ ^

5^3

1 |
formed.

B>y acting on these compounds with different alcohols, a great

number of silicic ethers, containing tu’o or more alcohol radicals, can

be obtained.

CHI
Ethijl Carlonate

|
CO

3
is a limpid liquid, having a pleasant

smell and boiling at 126°. It is obtained by the action of silver car-

bonate upon ethyl iodide.

When carbon dioxide is ]iasscd into an alcoholic sobition of potas-

sium ethylate, a white compound, consisting of jwtassium cthylcar-

hou.afe ^ |
CO.^ separates out, which is decomposed by water with
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the formation of alcohol and acid potassium carbonate
;
the free ethyl-

carhonic acid is not known.
Etlujl Orthocarhonate 0(002115)4.—This compound, corresponding

to the normal ethyl silicate, is formed by acting with sodium upon a

solution of chloropicrin in absolute alcohol :

—

40.2H50Na + OOI3NO2 = C(0C2H5), + 3Na01 + NaNOa

It is a colourless liquid, boiling at 158° and having an aromatic

smell. When heated with alcoholic potash it is decomposed, potas-

sium carbonate, ether, and alcohol being formed.

Ethyl Carbamate CO
|

*—This compound is formed when dry

ammonia acts upon ethyl carbonate at the common temperature, whilst

if the two substances are heated together to 100°, carbamide is pro-

duced. Ethyl carbamate, also called ^irethane, is a colourless crystal-

line solid, melting and boiling without decomposition at 180°; it is

also obtained w-hen cyanogen chloride is passed into alcohol :

—

CNCl + 2(C,H,.OH) = C,H,C1 +

Ethyl Sulphocarbonate r CS3 is a yellow oil, boiling at 240°^

which is produced by acting with sodium sulphocarbonate upon an
alcoholic solution of ethyl iodide. Nitric acid oxidizes it to ethylsul-

phonic acid.

C H )
Xanthic Acid, or Ethyldisulphocarbonic Acid ^

p| r COSg.—The

potassium salt of this acid separates in white silky needles when
carbon disulphide is added to a hot alcoholic solution of potash. By
adding cold dilute sulphuric acid to this salt, xanthic acid is ob-

tained as a colourless oil, having a penetrating smell. It is a very

unstable compound, being resolved at about 25° into carbon disul-

phide and alcohol. The xanthates of the metals of the alkalis

and alkaline earths are soluble in water, and precipitated by most
metallic salts. Lead xanthate (C2H5.COS2)2Bb is a white precipitate,

crystallizing from hot alcohol in needles. The copper salt is a

beautiful yellow powder.

When iodine is added to an alcoholic solution of a xanthate, the

following reaction takes place ;

—

CS

cs

J OC2H5
{S,K

fSK
1 OC2H5

-f I2 = 2KI +

CsjOC2H,

>
^

) OC2U5

Ethyldisidphocarbonyl disulphide is formed, crystallizing in brilliant

white prisms, melting at 28°, and possessing a peculiar but not un-

pleasant odour.
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r sc II
Ethyl Xanthate CS

|
is produced when ethyl chloride and

potassium xanthate are left together in an alcoholic solution for some
time. It is a colourless liquid of high refractive power, boiling at

200°, and possessing a powerful alliaceous odour.

r Cl
Ethyl Chloroformate or Ethyl Chlorocarhonate CO

| qq jj
a colour-

less liquid, possessing a suffocating smell, is produced by the action of

carbonyl chloride on alcohol. On mixing it with an alcoholic solution
r QQ QQ

of sodium sulphide, ethyl dicarhothionate S qq‘qq-|^^ is produced,

a colourless oil with a peculiar odour, and boiling at 180°. By treat-

ing it with caustic potash potassium carbonate and ethyl sulphide

are formed. Neither the free dicaybothionic acid S
| qq Qjp

°or any

of its metallic salts have been obtained.

Ethyl Formate, Formic Ether |-0 is prepared by distilling a

mixture of alcohol and sulphuric acid with sodium formate. A
cheaper method consists in heating glycerin, oxalic acid, and alcohol

together in a bask, which is connected with a reversed condenser.
Formic acid is formed, which in the nascent state acts upon the
alcohol, ethyl formate and water being produced. Formic ether

boils at 55°, and possesses a fragrant smell like peaches; it is used
for the preparation of artificial rum and arrack.

When sodium is added to a mixture of chloroform and alcohol, the

so-called trihasic formic ether or ethyl orthoformate CH(OC2H5)j is

obtained :

—

CHCI3 4- 3C2H5.0Na = SClNa 4- CH(OC2H,)3

This ether is a colourless liquid, possessing a pleasant smell, and
boiling at 146°. On heating it with acetic acid it yields ethyl for-

mate and ethyl acetate :

—

CI1(0C2HJ, 4- ^ H 0 = con to + 2^AOCAi C,H,
|o 4- HjO

CYANOGEN COMPOUNDS OF ETHYL,

Ethyl Cyanide or Ethyl Carhamine CN,C2lIg is formed by heating

ethyl iodide with silver cyanide, but is best prepared by adding an
alcoholic solution of chloroform and ethylamine to powdered caustic

potash
;
a violent reaction ensues, and the cyanide distils over :

—

CHCI
3 4- C 2

H
5
.NII

2 = 3ITC1 4-



THE CARBON COMPOUNDS. 119

It is a colourless liquid, boiling at 77°, and possessing, like all

carbamines, a most penetrating and overpowering smell
;

it is

poisonous. With dry hydrochloric acid it combines with a violent

reaction
;
to obtain the pure compound both substances must be mixed

in an ethereal solution at a very low temperature. A crystalline body
is obtained, having a sour and bitter taste

;
it dissolves in water with

decomposition, ethylamine and formic acid being formed. The same
decomposition occurs by the action of dilute acids on ethyl car-

bamine :

—

C
2
H.,NC + 2H2O = C2H5.NII2 + CH2O2

On heating the carbamine with a concentrated solution of potash

a complicated reaction sets in, and amongst other products ethylfor-

rcoH
mamide N < C.^H^ is obtained, a liquid having a sweet taste, and boil-

(h
ing at 200°.

Propionitrile C2H5.CN is the chief product obtained on distilling a

mixture of potassium cyanide and potassium ethylsulphate. The dis-

tillate must be treated with a dilute acid in order to remove small

quantities of the isomeric carbamine. Propionitrile boils at 97°, and
possesses a penetrating but not unpleasant smell. It combines with
acids

;
thus with anhydrous hydrobromic acid it forms the compound

C3H5N.2HBr, which is decomposed by water with the formation of

propionic acid :

—

C3H5N + 2HBr + 2H2O = C3H5O2 + NH,Br + HBr

A similar reaction takes place on boiling the nitrile with a solution

of caustic potash :

—

C2H5 C2H5

I

+ H2O + KOH =
I

+ NH3
CN CO.OK

Ethyl Cyanate, Cyanetholine
|
0 is a thick non-volatile liquid,

insoluble in water, which is formed when cyanogen chloride acts upon
sodium ethylate. It absorbs hydrochloric acid and is converted into

a white crystalline mass, which on heating gives off ethyl chloride,

whilst cyanuric acid remains behind,

CO )
Ethyl Carlimide

q |
N, a compound isomeric with ethyl cyanate,

is obtained by distilling a mixture of potassium cyanate and potas-

sium ethylsulphate. It appears most likely that in this reaction

first ethyl cyanate is formed, which, however, at the high temperature

undergoes a molecular change, being converted into the carbimide.

This body, prior to the discovery of the real cyanate, was believed to

be the latter compound, and is still called cj'anic ether. It is a
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colourless liquid, boiling at 00 °, and possessing a pungent smell, irri-

tating the e}"es. With liydrocidoric acid it Ibrms a liquid compound
boiling at 95°, which by water is deconqiosed into carbon dioxide

and ethylamine. The same products are formed when the carbimide

is boiled with caustic potash :

—

I
N + H,0 =

j
N + CO,

Wlien gaseous cyanic acid is passed into absolute alcohol, so much
heat is evolved that the liquid begins to boil. On cooling, colourless

shining prisms of ethyl alloiilianate C.^HgNgOg.OgHg crystallize out.

By the action of caustic baryta on this ether the barium salt of

allo'phanic acid C.gH^NgOg is obtained, but from this salt the free acid

cannot be isolated, nor indeed are other salts known. A series of

allophanic ethers, however, has been prepared by acting with cyanic

acid on different alcohols.

When barium allophanate is treated with a dilute acid, carbon
dioxide is given off and urea is formed. This decomposition explains

the constitution of allophanic acid, which stands to biuret in the

same relation as carbamic acid to urea ;

—

NH
Biuret.

J CO.NH,

{ CO.NHg

Allojihanic Acid.

\ CO.OH

Ethijl Sidphocyanate
C2H5

S, a colourless oily liquid, boiling at

146°, and possessing a smell like leek, is formed by distilling a mix-
ture of potassium sulphocyanate and potassium ethylsulphate. AVhen
this ether is heated with sulphuric acid, a copious evolution of carbon
dioxide takes place, and a colourless volatile liquid, having a strong

alliaceous smell, is formed, which has the composition and the same
boiling-point as ethyl xanthate. These bodies are, however, not iden-

tical, for whilst the latter compound is decomposed by an alcoholic

solution of potash into potassium ethyl sulphocarbonate and ethyl

hydrosulpliide, the isomeric compound, which has been called car-

honyl-disuljjlio-dicthyl, yields by the same treatment potassium car-

bonate and ethyl hydrosulpliide. The cause of this isomerism is

explained by the following equations ;

—

Ethyl Xanthate.

cs f
All

5

lOCgllg+H
i

1 0 = CS I +
CglT,

1 3

Carhonyl-disulpho-
(iiethyl.

^^2^.5
I
9^^ 1 O — CO ’ 4- 2^2

SCgllg
+

-J1
J ^

OK + ^ HCO ( OK ^CJIr,

( cs
Eiluylsidphocarbimide or Ethyl Mustard-oil ÎSO-
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meric with ethyl sulphocyanate, is prepared from ethylamine in

exactly the same way as the methyl compound is obtained from

methylamine. It is a colourless liquid, possessing a pungent smell

and irritating the eyes
;
in contact with the skin it produces red-

dening, and a burning pain.

ETHYLAMINES.

The different amines of ethyl are prepared from ethyl chloride or

iodide in the same way as the methylamines are obtained from

methyl iodide. To obtain them on the small scale ethyl iodide is

heated with alcohol and strong aqueous ammonia in sealed glass

tubes to 100°. To prepare large quantities of them it is best to use

the crude ethyl chloride, which is obtained as a bye-product in the

manufacture of chloral hydrate, and which is heated in large iron

digesters with alcoholic ammonia. After the reaction is finished

the liquid is separated by filtration from the ammonium chloride,

and the alcohol distilled off. The residue, after drying on a water-

bath, is decomposed by a concentrated solution of caustic soda, and
the light layer consisting of the three bases treated with oxalic

ether in exactly the same way as the amines of methyl, for although

the boiling-points of the ethyl bases differ very much, it is singular

that it is not possible to separate them by fractional distillation.

Ethylamine H bN is a very mobile liquid, smelling like am-

monia, and boiling at 18‘7°. It is miscible with water, and is a stronger

base than ammonia, from which it differs in its reactions chiefly by
redissolving precipitated aluminium hydroxide, when added in excess.

The hydrochloride or ethylammonium chloride ^[(CjHglHgCl crystal-

lizes in thin plates
;

it is a deliquescent salt, and soluble in absolute

alcohol. The sulphate does not crystallize, and is very soluble in

water and alcohol.

When chlorine is passed into an aqueous solution of ethylamine,

dichlorethylamine C
2
H

3
CI

2
.NH

2
separates as a yellow heavy oil, having

a very penetrating smell and boiling at 91°. By alkalis it is decom-
posed with the formation of acetic acid :

—

CHg CH3

I

-f- 3KOH =
I

+ 2KC1 NH3 -f HgO
CCI2.NH2 CO.OK

On passing dry carbon dioxide into ethylamine, ethylammonium

carbamate CO
| q jj

is formed, a white solid, corresponding

to ammonium carbamate {vide page 65).

Ethylamine has also been obtained by several other reactions. It
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was discovered by the action of caustic potash on ethyl carbimide,

and is produced by heating ethyl nitrate with ammonia, and by acting

with nascent hydrogen upon acetonitrile. It occurs also amongst the

volatile bases formed by the destructive distillation of bones and other

animal substances.

C2H5)
Dietliylamine CgH- N is a liquid boiling at 57°, and possessing an

It J
ammoniacal smell; it is soluble in water. On distilling its hydro-

chloride with a concentrated solution of potassium nitrate nitroso-

diethyline
|
N is formed, a liquid boiling at 177°, and which

by the action of aqueous hydrochloric acid is again converted into

dietliylamine.

Tricthylamine CgIL > N is a light colourless liquid, strongly alka-

c,irj
line, and only sparingly soluble in water, boiling at 89°. On heating

its hydrochloride with potassium nitrite, ethyl alcohol and nitrosodi-

ethyline are formed.

Triethylamine combines readily with ethyl iodide, heat being evolved

during the reaction, and tetrethylammonium iodide ]Sr(C
2
H

5
)^l is formed,

a salt which is soluble in water and forms large colourless crystals.

On treating its solution with freshly precipitated silver oxide, the

hydroxide ^(CgHgl^OH is obtained, which has a bitter and very

caustic taste. On evaporating its solution in vacuo it is left as a

crystalline, deliquescent mass. Like caustic potash it attacks and
dissolves the skin, saponifies fats, and precipitates metallic salts, but

does not redissolve chromic hydroxide. On heating the hydroxide

it is resolved into water, ethene, and triethylamine.

With acids it forms soluble salts, which crystallize well. On add-

ing platinum chloride to a solution of tetrethylammonium chloride,

2 [lSr(C
2
H

5) 4
Cl] -f- PtCl^ is obtained as a yellow, crystalline preci-

pitate.

ETHYLA.TED UREAS.

Compound ureas, or carbamide in which hydrogen is replaced by
alcohol radicals, can be obtained in a manner similar to that in which
common urea is produced from ammonia and cyanic acid, viz. either

by acting with cyanic acid upon an amine or by treating a carbimide

with ammonia or an amine.

Ethyl-carhamide CO
|

compound is obtained by

the action of ammonia upon ethyl carbimide, as well as by com-

bining cyanic acid with ethylamine. It crystallizes from water in
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long colourless prisms, and combines with acids like common urea
;

its nitrate is readily soluble in water.

Diethyl-carbamide exists in two metameric modifications
;

one

haviuCT the constitution CO ^

NH produced by acting with
2 S

ethylamine upon ethyl carbimide. It crystallizes in long prisms,

fuses at 107°, boils at 263° and yields on boiling with potash solution,

potassium carbonate and ethylamine.

Its isomeride is formed by treating diethylamine

with cyanic acid. It is decomposed by caustic potash with the forma-

tion of potassium carbonate, ammonia, and diethylamine.
f ^iqr p TJ

Tricthyl-carbamide CO •<

j| ^

^ crystalline solid, soluble in

^ Vt 223°, has been prepared fromand boilingwater, fusing at 63°

diethylamine and ethyl carbimide.

Ureas containing more than three alcohol radicals have not yet

been obtained, as triamines do not act either upon carbimides or on

cyanic acid.

Ethylated Sulphocarbamides have been produced by analogous

reactions from the so-called mustard oils. Thus ammonia and ethyl

sulphocarbimide form ethyl-sidphocarhamide CS
| jj

white

crystals, which melt at 106°, By acting with ethylamine on the same
r Q JJ

mustard-oil, we obtain diethyUsulphocarbamide CS
j

a white,

crystalline solid. When its aqueous solution is boiled with mercuric

oxide, oxygen is exchanged for sulphur, and diethyl-carbamide and
mercuric sulphide are formed. On heating its alcoholic solution

with ethylamine and mercuric oxide, a strongly alkaline solution is

obtained, triethyl-guanidine being formed :

—

NH.CoH.

4
1 NH.C,H5

Cd s
'

' + N.C2H5.H2 + HgO
(NH.CA

C^ N.C^H, -f H2
O -h HgS

This compound is as powerful a base as common guanidine; its

solution rapidly absorbs carbon dioxide from the air, and is converted

into a crystalline mass.

PHOSPHORUS BASES OF ETHYL.

Ethylphosphine

C
2
H

5

H .—The hydriodide of this base is obtained

H
from ethyl iodide, phosphonium iodide, and zinc oxide, in the same
way as the corresponding compound in the methyl series. The base.
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set free by means of water, is a coloiiiiess liquid having a strong

refractive power, lighter tlian water, boiling at 25°, and without
any action on vegetable colours. Its odour is most overpowering,

resembling that of the carbamines, and producing an intensely

bitter taste in the mouth and deep down in the throat. In con-

tact witli chlorine, bromine, or fuming nitric acid it takes fire. Its

vapour bleaches cork like chlorine, and india-rubber in contact with

it becomes transparent and brittle. It combines with sulphur and
carbon disulphide, forming liquid compounds, and with concentrated

hydrochloric, hydrobromic, and liydriodic acid it forms crystalline

salts. The hydrochloride gives with platinum chloride the double salt

[P (C2H5) 1I3C1]2 + PtCl^, crystallizing in splendid crimson needles.

The hydriodide forms large, four-sided, thin, iridescent plates.

Nitric acid acts on the base in a similar way as on the methyl base,

ethylphosphinic acid 1^03(02115) II9 being formed, a crystalline solid,

which melts at 44°, and at a higher temperature volatilizes without

decomposition. This compound is isomeric with ethylphosphorous
acid, from which it differs by being a bibasic acid whilst the latter

is monobasic
;
the constitution of the two acids being represented

by the following formulae :

—

Diethylphosphine P is formed together with ethylphosphiiie.

and isolated in the same way as the dimethyl-compound. It is a

colourless, light, refractive liquid, boiling at 85°, and having a neutral

reaction. The odour is penetrating and very persistent, but quite

different from that of ethylphosphiiie. It absorbs oxygen rapidly,

with much evolution of heat, the liquid sometimes taking fire. With
sulphur and carbon disulphide it forms liquid compounds, and with

acids salts, which, with the exception of the hydriodide, do not

crystallize well.

Dicthylphosphinic Acid 1^03(02115)21! is a liquid, and forms crystal-

line salts.

Tricthylphosphmc V < C2II5.—The hydriodide of this base is pro-

( C2II5

duced by heating absolute alcohol with phosphonium iodide in sealed

tubes for some hours to 160°
:

—

Triethylphosphine is also formed by the action of zinc ethide upon
phosphorus trichloride. Phosphorus trichloride is added drop by

EthylphospLinic Acid. Ethylphosplioroiis Acid.
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drop to a solution of zinc-ethyl in ether, contained in a flask filled

with carbon dioxide
;

a violent reaction sets in, zinc chloride and
triethylphosphine being formed, which are separated by adding solid

caustic potash and water, by which sufficient heat is evolved to vola-

tilize the base.

It is a colourless, refractive liquid, lighter than water, and boiling

at 127'5°. Its odour in the concentrated state is most powerful and
unpleasant, but when diluted it becomes fragrant, and resembles very

much that of hyacinths. When it comes in contact with the air

it absorbs oxygen and is converted into triethyl'phos^pliine oxide

I*0(C.,H5)3, white needle-shaped crystals, boiling at When this

oxidation goes on very rapidly, so much heat is evolved that the

liquid takes fire. Triethylphosphine is only a weak base, and forms
salts which do not crystallize well

;
the hydrochloride combines with

platinum chloride forming [P(C2H5)3HC1]2 + PtCl^, a crystalline

precipitate.

Triethylphosphine also combines with sulphur, forming trietliyl-

phosphine sidplvide PS(C2H5)3, which crystallizes from water in long

needles, melting at 94°, The most characteristic property of this

base is, however, that with carbon disulphide it forms the compound
1^02115)3082, which is insoluble in water and crystallizes in beautiful

red needles. This reaction is made use of to detect traces of carbon
disulphide, as in coal gas.

Iodide of ethyl and triethylphosphine combine readily, with evolu-

tion of much heat, to tetrethylphosphonium iodide, separating from
water in fine crystals. It has also been obtained by heating absolute

alcohol and phosphonium iodide :

—

4(0.2H5.0H) -f PH,I = P(0.2H5),I -f 4H
2
O

This salt, which is not decomposed by alkalis, yields with silver

oxide and water the hydroxide P(C2H5),OII, a white crystalline and
very alkaline mass, which readily absorbs carbon dioxide from the air,

and yields with acids soluble and crystalline salts. On heating
the hydroxide, ethane is evolved and triethylphosphine oxide is left

behind.

ARSENIC EASES OF ETHYL.

Sodium arsenide AsNa3 is violently attacked by ethyl iodide, arsen-

diethyl As2(C2H5), and triethylarsine As(C2H5)3 being formed, which
can be separated % distilling the product in an apparatus filled with
carbon dioxide

;
triethylarsine, being the more volatile compound,

distilling first. It is a colourless liquid, which refracts light strongly
and boils with partial decomposition at 140°, It possesses a most
disagreable odour; when exposed to the air it absorbs oxygen,

emitting white fumes without taking fire
;
the oxide AsO(C.,ll5).,, an
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oily liquid, being formed. On lieating trietbylarsine with sulj)hur,

the sulphide AsS(C.2Hg) is obtained, which crystallizes in large

prisms. Trietliylarsine also readily combines with ethyl iodide to

form tetrethylarsonium iodide As(C2H5)^l, a salt which with moist

silver oxide yields the liydroxide, a colourless, deliquescent mass,
and a very powerful base.

Arsendietliyl or Etliyl-cacodyl\

most intolerable smell,

IS

possessing a boiling

a yellowish liquid

at about 190°, and
taking fire in the air. It combines directly with sulphur and with

the elements of the chlorine group. By admitting air gradually to

an alcoholic solution, ethyl-cacodylic acid
As(C2H,)20 ]

Hj 0 is formed.

crystallizing in deliquescent plates. It has a sour taste and forms

crystalline salts, which are soluble in w^ater.

Arsenmonethyl compounds have not yet been obtained.

ANTIMONY BASES OF ETHYL.

TrietJiylstioine or Shbethyl Sb-< C.2H- is obtained by heating ethyl

i C,H,
iodide with an alloy of potassium and antimony (SbKg) in an
atmosphere of carbon dioxide. It is a heavy, mobile, colourless

liquid, boiling at 158°, and possessing a powerful odour resembling

that of onions. Exposed to the air it takes fire, but \vhen it is

slowly oxidized in an alcoholic solution, stibdliyl oxide Sb(C2ll5)3^^ is

obtained, a viscid mass, readily soluble in water and combining with

acids. On adding hydrochloric acid to its solution, stibcthyl chloride

Sb(C2H5)3Cl2 is precipitated, a colourless liquid, which smells like

turpentine, and is also formed by the direct union of stibethyl and
chlorine,

Teirethylstibonium Iodide Sb(C2ll6)4l forms larger transparent

crystals; it is readily acted upon by silver oxide and water; the

hydroxide thus formed is a thick, strongly alkaline liquid.

BISMUTH BASES OF ETHYL,

. f
TriethylbismiLthine Bi-s C2II5 is obtained by the action of ethyl

( C2II,

iodide upon an alloy of bismuth and potassium
;
it is a heavy colour-

less liquid, possessing a disagreeable smell, and resembling triethyl-

stibine in most of its properties, its compounds, however, being less

ptnblo than those of the latter. On adding mercnric chloride to its



THE CARBON COMPOUNDS. 127

ecu
solution mercuric chlorethide Hg

j
^ is precipitated, and the solu-

tion contains hismutheihyl dichloride Bi(C
2
H

5
)Cl

2 ,
which on evapora-

tion is obtained in small crystals.

(CA
BORETHYL OR TRIETHYLBORINE Bo-^ CgHg.

(C2H,

This compound is prepared by gradually adding ethyl borate to

zinc-ethyl :

—

2Bo(OC3Hs), + 3Zu (C,H,), = SBoCC^H,), + SZn(OC,H,),

Triethylborine is a colourless liquid, boiling at 95°, and possessing

an irritating odour; its vapour strongly attacks the mucous mem-
branes and eyes. In contact with air it takes fire, burning with a

smoky green flame
;
but when air is only very gradually brought in

fCA
contact with it, the compound Bo •< OCgHg is formed, a liquid boil-

(OC2H,
ing at 125°, and which is decomposed by water into alcohol and
Bo(OH)

2
C

2
H

5 ,
a crystalline solid, having a sweet taste. On heating

triethylborine with concentrated hydrochloric acid, ethane is evolved,

and bor-diethyl chloride BoCl(C
2
H5)2 left behind.

COMPOUNDS OF ETHYL AND SULPHUR.

Ethyl Hydrosul'phide, or Mercaptan S is formed by the action

of ethyl chloride, iodide, or potassium ethylsulphate upon potassium
hydrosulphide. To prepare it a solution of caustic potash is saturated

with hydrogen sulphide and then distilled with a concentrated solu-

tion of potassium ethylsulphate. It may also be obtained by the

action of phosphorus pentasulphide upon alcohol:—

+ ^ II
0 P005 + 5 ^j||S

Mercaptan is a colourless liquid, having a nauseous, intolerable

smell, like onions, and boiling at 36°. It is almost insoluble in water
and very inflammable, burning with a blue flame. On evaporating it

by a rapid current of air, so much heat is absorbed that a portion of

the liquid solidities into a crystalline mass. The alkaline metals dis-

solve in it with evolution of hydrogen and formation of mercaptidcs as

- S. Other metals also are capable of replacing hydrogen in
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mercaptan, tliis compound having the character of a weak acid

like hydrogen sulphide. By adding mercuric oxide to mercaptan
a violent reaction ensues, water and mercuric mcrcaptidc Hg(SC2H5)2
being formed [mcrcurio aptum). This compound is insoluble in

water
;

from an alcoholic solution it crystallizes in wliite, silky

scales
;

it is readily decomposed by dry hydrogen sulphide, the pro-

ducts being mercuric sulphide and mercaptan, which by this method
is readily obtained in a perfectly pure state.

CHI
Ethyl Sulphide r S.—To prepare this compound ethyl chloride

is passed into a boiling alcoholic solution of potassium sulphide. It

is a mobile, colourless liquid, boiling at 1)1°, and possessing a nauseous
smell like mercaptan. Dilute nitric acid oxidizes it, ethyl sulphoxide

(C2HJ2SO, an oily, non-volatile liquid, being formed. By fuming
nitric acid it is transformed into diethylsulphane (C,H5),S09, which
forms colourless crystals, fusing at 7 (J° and boiling at 248 °. By
adding zinc and hydrochloric acid to its aqueous solution it is

reduced to ethyl sulphide, and on boiling it for some time with
nitric acid it is oxidized to ethylsulphonic acid.

Ethyl sulphide readily combines with ethyl iodide, forming tricthyl-

sulphine iodide S(C2H^)3l, a crystalline compound soluble in water,

and which by the action of water and silver oxide is converted into

triethylsidphine hydroxide 8(02415)301!, a powerful base, forming deli-

quescent crystals and combining with acids, yielding well-defined

salts.

CHS)
Ethyl Disulphide

q p ^ colourless liquid, boiling at 151 °, and

having a very disagreeable smell, is formed by distilling a mixture

of potassium disulphide and potassium ethylsulphate, or by acting

with iodine upon sodium mercaptide :

—

2C2lT5SHa 4- I2 =. 2M + ^2^5
2 ^

COMPOUNDS OF ETHYL AVITII SELENIUM AND TELLUKIUM.

These compounds are formed by reactions quite analogous to those

by which the sulphides of ethyl are obtained, the corresponding

metallic selenides and tellurides being employed in place of metallic

sulphides.

C H )
Ethyl Ilydroselenidc, or Selenium Mercaptan 2 ( gg jg ^ liquid

possessing a most intolerable smell, and forming with mercuric oxide

a crystalline mercaptide.
^ C H )

Etlujl Selenide ^2^6
1
Se is a yellow liquid with a most disagree-

able smell, which is oxidized by nitric acid to ethyl selenoxide
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C H )
^ basic compound, forming crystallized salts. On adding

hydrochloric acid to its solution ethijl-selenium chloride (02115)286012

separates as a heavy oil.

CHI
Ethyl Telluride^-^ Te is a reddish yellow liquid, possessing an

intolerably nasty smell. It is soluble in nitric acid
;
on the addi-

tion of hydrochloric acid to this solution, ethyl-tellurium chloride

(02H5)2Te0l2 separates out, a colourless oil, which by treatment with

silver oxide yields ethyl-tellurium oxide (02Hg)2TeO, a crystalline

solid, soluble in water, and possessing a faint alkaline reaction.

COMPOUNDS OF ETHYL WITH THE MElWhS.

Ethyl Compounds of Zinc.

C H )
Zinc-ethyl or Zinc Eihide r Zn.—This important compound is

most conveniently prepared by heating ethyl iodide with an excess

of coarse zinc filings in a flask connected with a reversed coii'-

denser. The upper end of the condenser is provided with a long

descending tube dipping under mercury
;
thus the entrance of air in

the apparatus is prevented, and the reaction proceeds quicker under
the increased pressure. The end of the reaction is recognized by
iodide of ethyl ceasing to flow back from the condenser. The flask

is now connected with the upper end of a condenser, and heated in

an oil-bath as long as zinc-ethyl distils over, which must be col-

lected in a receiver filled with dry carbon dioxide. It is absolutely

necessary that the materials used, and all parts of the apparatus, be

perfectly dry.

When zinc acts upon ethyl iodide the solid compound
|

j- Zn is

first formed, which at a higher temperature is decomposed with the

formation of zinc-ethyl and zinc iodide, thus :

—

1 zn +
I

1 j
+ C,H,

Zn - A Zn + Zn

It is necessary to employ the zinc in excess, because if an excess of

ethyl iodide be present, the latter acts on the zinc -ethyl and butane is

formed :

—

^ I

,

C2H5

I
Zn = 2C4HJ5 Zulg

Zinc-ethyl is a colourless mobile liquid, heavier than water, and

possessing a peculiar disagreeable odour. It boils at 118°, and takes

C K
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lire in the air, burning with a bright greenish flame, giving off' thick

clouds of zinc oxide. ’When air is slowly admitted zinc ethylate

(C2ll50).2Zn is formed, a white solid, which is acted upon by water
with the formation of ethyl alcohol and zinc hydroxide. ’Water

decomposes zinc-ethyl violently, ethane being given off :

—

|-Zu + 2j[
j-o = 2cyi, + Zii(on,)

On passing dry ammonia into zinc-ethyl, zincamide, a white solid,

and ethane are formed :

—

J;:jj[=]-Zii + 2NH3 = Z,i(Niy, + 20,u„

The property of zinc-ethyl to undergo readily double decomposi-
tions with a great number of other bodies, is frequently made use of

in the preparation of ethyl compounds. Several examples have already

been given, and others will be mentioned hereafter.

Sodium and potassium dissolve in zinc-ethyl, a crystalline double

compound, as C2^5lSra -}- (02115)2^11, being formed, from which the

sodium (or potassium) ethide has not yet been isolated. On passing

dry carbon dioxide over it, sodium propionate is formed :

—

C2H5Ka -h CO 2 = 02H,.C02Xa

Ethyl Compoukds of Mercukyl

[g is obtained from
C H )

Mercury-diethyl or Mercuric Fdhide rH
sodium amalgam, ethyl iodide, and acetic ether in the same way as

zinc methyl from methyl iodide. It is a very heavy, colourless liquid,

boiling at 159°, and possessing a disagreeable smell. ’When it is

exposed to the air it is not altered, and on heating it with zinc, zinc-

ethyl is formed, whilst with aluminium it gives aluminium-ethyl

A1 (02115)3, a colourless liquid, fuming in the air, and taking fire when
exposed in a thin layer. On adding mercury-ethyl to a solution

of iodine in alcohol, mercuric iodcthidc C2H^llgi is formed, which
crystallizes in silvery scales :

—

}
Hg + I, =

}
Ilg

Mercuric Chloreihide C.2lT5llgCl is obtained by mixing mercury-ethyl

with an alcoholic solution of mercuric chloride. It crystallizes in

shining scales, and yields, by acting on it with freshly precipitated

0 ,11
-')

moist silver oxide, the hydroxide h Hg, a colourless and strongly

alkaline liquid, which forms salts with acids. By the action of con-
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centrated sulplmric acid on mercury-etliyl ethane is formed, and

mercuric sulphatethide (C2H.Hg)2S04, crystallizing from alcohol in

large colourless plates.

Ethyl Comtounds of Tin.

Tin-diethyl or Stannous Ethide
j"

obtained, togetlier

with tin-triethyl, when an alloy of tin and sodium is heated witli

ethyl iodide. It is a colourless, oily liquid, which on heating is de-

composed into metallic tin and stannic ethide. Stannous ethide is a

dyad radical. When exposed to the air it combines with oxygen,

forming stannic oxetliide (02115)28110, an amorphous white powder,

forming salts with acids. Stannous ethide also readily combines with

the elements of the chlorine group. The compounds thus obtained

crystallize well, and are soluble in water and alcohol
;
on adding a

caustic alkali to the solution, stannic oxetliide is precipitated.

Tin-triethyl or Stannoso-stannic Ethide ^ liquid

which is easily separated from stannous ethide
;

the latter being

readily soluble in alcohol, whilst tin-triethyl is insoluble
;

it is decom-

posed on heating. With oxygen it forms the compound
j"

a white solid possessing a strong, penetrating smell, and forming
salts : thus, on adding hydrochloric acid the chloride (C2H5)3SnCl is

obtained, a liquid boiling at 210°, and possessing a very pungent
smell.

C H f
Tin-tetrethyl or Stannic Ethide

q > Sn is formed by the action

)

of zinc-ethyl upon anhydrous stannic chloride or the chlorides

(C2H5)2SnCl2 and (C2H5)3SnCl, as well as by heating stannous ethide.

It is a colourless licj^uid with a faint ethereal smell, boiling at 181 °.

It does not absorb oxygen, but is readily inflammable, and burns
with a bright luminous flame. By the action of iodine it yields

ethyl iodide and stannic iodo-triethide (€2115)38111, and when it is

heated with fuming hydrochloric acid ethane escapes, and stannic

chloro-triethide is left behind.

Ethyl Compounds of Lead.

Lcad-tetrethyl or Elumbic Ethide >Pb is formed, together with

2H,)C.H
C

C2II, j
lead-triethyl, by acting on lead chloride witli zinc-ethyl:—

•

9
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rb^ci, + 2Zn(c,H,)2 = 2Z11C1.3 + Pb + Pi)(cyy,

It is a colourless heavy liquid, boiling at 200°. It does not funie
in the air, but is easily inHaniinable, burning with a yellow, green-
bordered hame. By fuming liydrocldoric acid it is decomposed into
ethane and plunibic chloro-triethide (C

2
ll

5)3
PbCl, crystallizing in

long needles, and possessing a pungent smell like mustard.

Lcad-triethyl
[
is liquid which is decomposed on

_ ,
V 2 5^ 3

heating. To prepare it, an alloy of lead and sodium, l^bNaj, is heated
with ethyl iodide, and, after cooling, the product e.xhausted with
ether. It absorbs oxygen from the air, forming a solid oxide having
basic properties and yielding crystallized salts.

COMPOUNDS OF ETHYL AND SILICON.

C
3
H,

Silicon Ethide
'^2^5

CA ^

Si iSi is obtained by the action of zinc-ethyl

upon silicon tetrachloride. It is a colourless liquid, boiling at 150°,

and a very stable compound, not being oxidized even by nitric acid.

With chlorine it yields substitution-products
;
the firet product being

monochlorosilicon-etliyl SiCgH^gCl, a colourless liquid boiling at 150°.

This compound shows in all its reactions great resemblance to the
chlorides of the alcohol radicals. Thus, on heating it with potassium
acetate an acetic ether is formed, which on treatment with caustic

potash yields an alcohol, a liquid smelling like camphor. Silicon

ethide may therefore be considered as nonane or nonyl hydride, in

which one atom of carbon is replaced by one of silicon
;
by substi-

tuting one atom of hydrogen by other radicals, compounds of the
monad radical silicononyl SiCgH^g are formed ;

—

SiCgH2o
Boiliiiff-point.

Siliconethyl or Siliconane 150°

Silicononyl Chloride SiCgII,gCI 187

Silicononyl Acetate
SiCgH.gl
CgllgO j

^ 211

Silicononyl Alcohol
SiCglT^g)

11)
100

Silicoproiyionic Acid C.^lIg.SiO.OH.—By acting with zinc-ethyl

and sodium upon SiC^OC.^Hj^), (a compound described under Ethyl
Silicate), the body SiC

2
ll

5
(OC

2
ll

5)3 is formed, which has been called

ethyl orthosilicopro2nonate. It is a colourless liquid, boiling at 158°-5.

When it is heated with acetyl chloride to 180° ethyl acetate is formed,
and siliconmoncfhyl trichloride SiCgHjClg, a liquid fuming in the air, and
which is easily decomposed by water with the formation of silicopro-
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piouic acid, a white light amorphous powder, which has the greatest

resemhlaiice to finely divided silica. It dissolves in concentrated

potash solution, and is not precipitated by hydrocliloric acid
;
but on

boiling the alkaline solution down with sal ammoniac, silicopropionic

acid is left behind in the insoluble state. It differs from silica, how-
ever, by not being soluble in caustic soda

;
and moreover on heating

it, it begins to glow, an inflammable gas being evolved. Silicopropionic

acid is the first example of a new class of acids containing SiO.OH
in the place of carboxyl CO.OH.

Silicoheptyl Compounds.—]jy the further action of zinc-ethyl and
sodium upon silicopropionic ether, first silicondiethyl ether Si(C2H5)2

(002115)2 is formed, a liquid boiling at 155*8°, which in appearance
and smell is very similar to silicic ether. On very prolonged treat-

ment with sodium and zinc-ethyl, silicoheptyl ether 81(02115)3002115,

a liquid boihng at 153°, is produced. On heating with acetyl cldoride

to 180° it yields ethyl acetate and silicontriethyl chloride, or silico-

heptyl chloride 81(02115)301, a liquid having a pungent and camphor-
like smell, and boiling at 143'5°. It is readily decomposed by
aqueous ammonia, with the formation of silicon triethylhydroxide or

tertiary silicoheptyl alcohol 81(02115)3011. This body may be regarded

as triethyl carbinoj, in which one atom of carbon is replaced Ijy

silicon, and may therefore be called triethyl silicol. It is a colourless

liquid, smelling like camphor, and boiling at 154°,

By the action of fuming sulphuric acid on triethyl silicol it is

oxidized with the formation of silicopropionic acid and ethene :

—

Si(02H5)30H + 2SO3 = Si(02H-)0.0H q 2O2H4 + 2SO2 + H2O

When silicoheptyl ether is heated with hydriodic acid it yields

ethyl iodide and silicoheptyl oxide
|
0, a colourless liquid.

boiling at 231“

8odium acts violently on a solution of triethyl silicol in pure ether,

the compound Si(C2H5)30ISra being formed, which is a white powder.
By passing dry carbon dioxide into its ethereal solution, a wdiite

precipitate is produced of sodium silicoheptyl-carhonate Si(CoH5),0.
CO.ONa. It is very deliquescent, and is resolved by water into tri-

ethyl silicol and sodium carbonate. When heated' to redness it is

resolved into silicoheptyl oxide and sodium carbonate, being the first

silicon-containing body that leaves carbonate instead of silicate when
heated.

ETHANE AND ITS SUBSTITUTION-PRODUCTS.

Ethane C2H6 is a colourless gas, which, as we have just seen, may
be obtained by different reactions. Pure ethane is formed by passing

a galvanic current through a concentrated solution of potassium

acetate
;
the gas must be washed with caustic potash and concen-
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trated sulpliuric acid, to free it from carbon dioxide and other admix-
tures. It is also formed by heating dry methyl iodide with zinc in

closed tubes to 150°, or by decomposing zinc-ethyl with water, or

mercuric ethide with sulphuric acid.

AVhen a mixture of equal volumes of ethane and chlorine is exposed
to the daylight, ethyl chloride and dichlorethane CVH^Clg are formed,
lly the further action of chlorine the following products are formed :

—

C.
2
ll,Cl . .

Boiling-

point.

. .
12-5° C

2
H,C 1

,
. .

Boiling

point.

. .
127°

C,H,C 1 .
2

. . . . 59 C
2
HC 1 , . . . . . 158

C,H
3
Cl

3
. . . . 75 C.,01, . . . . . 180

Dichlorethane will be described further on.

Trichloreihane C
2
II

3
CI

3
is acted upon by an alcoholic solution of

caustic potash, the products being potassium chloride and potassium
acetate :

—

CH3 CH3
1

-t- 4KOH =
I

-
1
- 3KC1 + 211,0

CCI
3

CO.OK

Hexachlorethane Cg^lg, commonly called carbon sesquichloride,

forms colourless crystals and smells like camphor.

ACETYL COMPOUNDS.

Acetaldehyde CgH^O, commonly called simply aldehyde (from

alcohol dehydrogenatum), as it was the first known of this class of

bodies, is obtained by oxidizing spirits of wine by means of man-
ganese dioxide and sulpjniric acid, chromic acid, or platinum black, in

presence of air, or if alcohol or ether are burning without a sufficient

supply of air. It is also formed by heating a mixture of acetate and
formate of calcium :

—

ni rCH
3

(Ciig
J CO + i CO CO +CO

2 + HgO
( on ( OH 1 11

It is contained in consideralde quantity in the first runnings
obtained in the manufacture of spirits of wine.

To prepare pure aldehyde, three parts of potassium dichromate in

small pieces are placed in a flask, surrounded by a freezing mixture,

and a well-cooled mixture of two parts of spirits of wine, four parts

of sulphuric acid, and twelve parts of water added. After con-

necting the flask with a condenser, the freezing mixture is re-

moved; a violent reaction very soon sets in, and the liquid begins

to boil. The vapours have first to pass through an ascending tube
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surrounded by warm water at about 50°. Alcohol and different

products are condensed and flow back, whilst the vapour of the

aldehyde, after having passed through a descending condenser, is ab-

sorbed in anhydrous ether. On passing dry ammoma gas into the

ethereal solution, a white crystalline solid, called aldehyde-ammonia
CgH^O.NHg separates. On distilling this substance with dilute sul-

phuric acid, pure aldehyde is obtained, which may be dried over cal-

cium chloride. Acetaldehyde is a colourless lirpiid, boiling at 21°,

and having a very pungent and suffocating smell. It is readily

soluble in water
;
caustic potash transforms it into a brown resinous

mass. Like all aldehydes it is very easily oxidized, and acts there-

fore as a powerful reducing agent. Thus, on heating it with a little

ammonia and nitrate of silver, metallic silver separates out, coating

the sides of the vessel with a bright mirror :

—

CJip + AggO = Ogli/dg + Ag2

It combines with ammonia, and forms a crystalline compound,
which has a peculiar smell of mice. The constitution of aldehyde-

ammonia is the following :

—

NH.,
i

1

HC—CII3

I

OH

By dilute acids it is decomposed, aldehyde being liberated and an
ammonium salt formed. When kept in the moist state it undergoes

a slow decomposition, and is changed into a brown syrupy liquid,

which contains a basic compound called aldehydine or hydracet-
amide CgH^2^2 •

—

“
3(C2H,O.NIl3) - CgH,

2
N 4- NII

3 -f- SH.O

Aldehydine is an amorphous mass, soluble in water, and possessing

an alkaline reaction. It combines with acids, forming amorphous

salts. On boiling its aqueous solution ammonia escapes, and a new
base, oxytrialdine CgH^^NO, is obtained, which possesses properties

very similar to those of aldehydine.

If aldehyde-ammonia is heated with alcohol, the bases oxytctraldinc

CgH^gNO and oxypentaldine C^gH^glSiO are obtained.

Aldehyde combines with the acid sulphites of the alkali-metals,

and forms crystalline compounds, which are not very soluble in

water; thus if aldehyde is shaken with a cold concentrated solution

of acid sodium sulphite, the liquid is converted into a mayma of

crystals having the formula CIT3.CH
| ^(Yxa‘

acids or

alkalis again liberate aldehyde from these compounds.

With anhydrous prussic acid, aldehyde forms the compound
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CJi^O.CNII, which boils at 180°, with partial decomposition. On
adding concentrated hydrochloric acid to this body ammonium
chloride and lactic acid are formed (compare lactic acid).

riiosphorus pentachloride acts violently upon aldehyde
;

the

products of the reaction being phosphorus oxychloride and dichlor-

ethane C^l I^Clg,

A great nniuber of substances, such as hydrochloric acid, sulphuric

acid, carbonyl chloride, &c., even if present only in very minute
quantities, cause the condensation of the aldehyde into imraldehyde

CgHi20g, a liquid boiling at 124°, and solidifying at a low temperature
into crystals melting at + 10'5°. On distilling paraldehyde with the

above substances, it again splits up into three molecules of acetal-

dehyde.

Anotlier polymeride called metcddehyde, the molecular weight of

which is not known, is produced when the above-mentioned sub-

stances are brought into contact with aldehyde at a temperature
below 0°, It crystallizes in colourless needles or prisms, which when
quickly heated sublirue, When metaldehyde is heated in a closed

vessel to 115°, it again changes after a few hours into common
aldehyde.

On heating aldehyde with a solution of zinc chloride or some other

salts, water is eliminated, and croton aldehyde C^H^O is formed, a

compound which will be described hereafter,

ACr.TIO ACID Cbll^O,.

Dilute acetic acid, or vinegar, has been known from very early

times. The different modes of the formation of this acid have
already been fully described. On the large scale acetic acid is

produced by the oxidation of alcoliol, or by the destructive dis-

tillation of wood. Pure alcohol, even when very dilute, is not

oxidized in contact with air, but in the presence of platinum black

and air it is converted into aldehyde and acetic acid. The same
change occurs vdien dilute alcohol contains certain nitrogenous

organic bodies. For this reason wine, beer, &c., in which such bodies

are contained, turn sour on exposure to the air.

In the manufacture of vinegar a mixture of wine, beer, or diluted

spirits, with some vinegar and yeast, is kept in loosely covered vats,

at a temperature of about 24°—27°, for about fourteen days, after

which time the liquid is changed into vinegar. On increasing the

surface of the liquid, the oxidation goes on much quicker. To effect

this the liquid is made to run slowly over shavings of beechwood
saturated with vinegar, contained in large vats, through which a

current of air is made to pass.

Acetic acid is found in nature in the form of acetic ethers in several

plants
;

it has also been found in small quantities in animal juices.
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The so-called pyroligneous acid, obtained by the distillation of

wood, is dilute acetic acid mixed with empyreumatic substances. It

is used to prepare the common commercial acetic acid, by neutralizing

it with lime, and evaporating the solution to dryness
;
the residue is

gently roasted so as to destroy the foreign matters, and then distilled

with hydrochloric acid.

. To obtain pure acetic acid, five parts of anhydrous fused sodium
acetate are distilled with six parts of pure concentrated sulphuric

acid. It is a colourless liquid, boiling at 118°, and solidifying on
cooling into large transparent plates [glacial acetic acid) melting

at + 17°. It possesses a pungent and sour smell, and is corrosive,

destroying the skin. It mixes with water in all proportions, and is

a solvent for essential oils, hydrocarbons, and many other bodies

which are insoluble in water. At 15° it has the spec. gyav. 1'0553.

On mixing with water a contraction first takes place until 20—23
per cent, of water are present

;
this acid has the specific gravity

1‘0748. On further addition of water the specific gravity diminishes

again
;
acetic acid of 43 per cent, having the same specific gravity

as the anhydrous acid.

Potassium Acetate
C,R,0

K }
0 is obtained by neutralizing dilute

acetic acid with purified potassium carbonate, It is a very deli-

quescent salt, and difficult to crystallize. The dry salt fuses at 300°,

and may be heated even stronger without undergoing decomposition.

On cooling it solidifies to a radiated crystalline mass. If it is dis-

solved in common strong acetic acid, and the solution heated, water is

off, and a compound
^

2
^

3^ 1 ^ +
^

2^3
!^

1 q (so called biacetatemvenO K
j
^ H

^

of potash) formed, which on heating to 200° splits up into anhydrous
acetic acid and potassium acetate. This reaction may be used for

preparing pure acetic acid.

Sodmm Acetate is obtained on' the large scale by dissolving the

roasted crude calcium acetate in water, and decomposing it by sodiiijp

sulphate. The filtrate yields on evaporation sodium acetate, which
if strongly heated may be freed from all traces of empyreumatic
substances still adhering to it. Sodium acetate crystallizes in long

CHOI
monoclinic prisms 2 >0 -f SH^O, which melt on heating, and

give off water. The anhydrous salt fuses above 300° to a colourless

clear liquid.

C H 0 )Ammonium Acetate 2^3^ ^.Q.—The anhydrous salt is formed by
4

1

_ . ^ I . - _ _ __ ^ _ —A^ ^ 4- « I r -9 o, •»t y~\ •9‘\ •w^ r-9 I ^ 1. 1 .. ....

passing dry

water. On
C.HgO.NHa.

ammonia into pure acetic acid. It is very soluble in

heating it decomposes into water and acetamide

Aluminium. Acetate is prepared by adding a solution of lead acetate

to a solution of aluminium sulphate
;

it is used under the name of

“ red liquor,” as a mordant in calico-printing.
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By dissolving iron turnings in pyroligneous acid a solution of
ferrous acetate is obtained called iron liquor ” which is also employed
as a mordant.

Lead Acetate, commonly called sugar of lead, Bb(CJl302)2 + 3H2O,
is manufactured by dissolving litliarge in dilute acetic acid

;
it

crystallizes in monoclinic prisms, and is readily soluble in water. Its
solution has the power of dissolving large quantities of litharge, basic

C II O )
o o X o

salts such as ^ H() j
being formed, the solutions of which have

a strong alkaline reaction, and are used for surgical purposes.
Cupric Acetate.—The so-called “verdigris,” which is j)repared on the

large scale by bringing the marc of grapes in contact with copper-
sheeting, is a mixture of basic salts, and consists chietly of

dissolving it in acetic acid, the normal acetate

011(0211302)2 + H2O, crystallizing in rhombic prisms, is obtained.

The beautiful green pigment called “ emerald green ” is a double

salt of copper acetate and arsenite prepared by

adding acetic acid to copper arsenite.

C H 0 )
Silver Acetate 0.—Silver nitrate precipitates from a solu-

tion of an acetate this salt as a vdiite crystalline powder, which
crystallizes from boiling water in flat, flexible, white, shining needles.

Methyl Aeetate
"'CHg }

0 is a mobile liquid having a refreshing

smell, boiling at 55°. It is contained in crude wood spirits. To
prepare it a mixture of methyl alcohol and sulphuric acid is distilled

with dry sodium acetate. This ether has the same boiling-point as

its rnetameride ethyl formate. Both can, however, be easily distin-

guished from each other
;
by treatment with alkalis, methyl acetate

yields methyl alcohol and an alkaline acetate, whilst ethyl formate

gives ethyl alcohol and an alkaline formate.

C H 0 )
Ethyl Acetate p'K

i
O, a liquid known by the name of “ acetic

J
. rr> r^

ether,’ is best prepared in the following manner. To 9 parts of con-

centrated sulphuric acid 3’6 parts of commercial absolute alcohol are

added by means of a funnel tube which reaches the bottom of the

vessel, at the same time keeping the liquid well stirred. After stand-

ing for twenty-four hours this mixture is added to 6 parts of sodium
acetate, which has previously been fused and broken into small frag-

ments, and after twelve hours the mixture is distilled. Tlius 6 parts

of pure acetic ether are obtained, from which, by rectifying over calcium

chloride, traces of water are removed. Ethyl acetate boils at 74°, and
])0ssesses a very pleasant and refreshing smell. It dissolves in about

11 parts of water; the solution soon assumes an acid reaction, the

ether being decomposed into alcohol and acetic acid. Acetic ether is

also slowly formed by allowing a mixture of acetic acid and alcohol
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to stand for some time, the refreshing smell of hock-vinegar being

due to an admixture of this ether.

Sodium has a very peculiar action upon the acetates of methyl and

ethyl. As far as this very complicated reaction has been studied, the

first stage is that in the methyl group of acetyl one atom of liydrogen

after the other is substituted by sodium
;
but little or no hydrogen is

set free, probably because it acts in the nascent state upon some of

the acetyl. The sodium compounds thus formed are again acted

upon by the excess of the acetic ethers, the product of the reaction

consisting of a white solid, from which two crystallinic compounds
have been isolated, which have been formed according to the follow-

ing ecpiations :

—

(
1
)

(2 )

6
-

CIT3
1

CO.OCHg
1

CO

CHNa,
1

CHXa
1

CO.OCH3
I

CO.OCH3

CH3 CH3
1

j

CO.OC..H-
1

c;o
1

CHNa.
1

^

1

CHNa

OO.OC.3H5
1

CO.OC^H

-f NaO.CH3

+ XaO.C2H5

On adding a dilute acid to the first of these bodies, sodium is replaced

by hydrogen, and a liquid boiling at 170° is obtained, which has been
called methyl-diacetic acid, although the body is not an acid, but the

methyl ether of an acid which is not known in the free state and
which has been called acetone-carbonic acid.

This ether, as well as the sodium compound, yield, when heated

with water, carbon dioxide, methyl alcohol, and acetone (dimethyl-

ketone) :

—

CH3

1

CH3
CO

1

1
+ H20 = CO + HO.CH3 + CO

CH3
i

1

CH3
CO OCH3

The compound obtained from ethyl acetate yields under the same
circumstances ethylacetone-carbonate (ethyl-diacetic acid), which boils



140 THE CHEMISTRY OF

at 187°, and with water yields ethyl alcohol, acetone, and carbon

dioxide.

If the solid product obtained by the action of sodium upon acetic

ether is acted upon by ethyl iodide, different compounds are formed,

which can be separated by fractional distillation
;
amongst them there

are ethers of the fatty acids, such as ethyl-acetic acid or butyric acid,

which is produced by the substitution of ethyl for one atom of

hydrogen in the methyl group of acetic acid, tlie radical methyl being

thus changed into propyl :

—

CH2Na CH2.C.,II.

I
+ G2II5I =1

"
"

-t Xal
CO.OC2H5 CO.OC2H5

In a similar way diethijl-acetic acid, an isomeride of caproic acid,

is obtained ;

—

CHNa, CH(C2Hd2

I
+ 2C2H5I =

1
+ ?NaI

CO.OC2H, CO.OC2II5

Another class of compounds are formed by the action of ethyl

iodide upon the sodacetone-carbonic ethers

:

—
CH3

CO
+ C2H,T

CHNa

CO.OC2H5

ChL

I

CO
I

I

“

CO.OC.H,

4- Nal

The ethyl ethacetone-carhonate thus formed is readily decomposed
by baryta-water, the products being alcohol, barium, carbonate, and

hetone CO
|

^

By a similar reaction disodacetoiie-carbonic ether yields ethyl

diethacetoiu-carbonate, which is attacked by Imryta-water in a similar

way as the preceding compound —

methyl-propyl

CH„

I

CO
I

-f Ba(OH)2 =
C(C,T1J,

I

CO.OC21I5

CH3

I

GO + C2H3OH -f- BaCOg

CH(C2H,),

Acetyl Chloride C2H3OCI.—The best method to prepare tliis com-
pound is to mix gradually acetic acid and phosphorus trichloride, and

to distil the mixture from a water-bath
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3C2H3O

I
Q ^ ^ SC.II^.OCl +

It is a colourless liquid, boiling at 55°, and possessing a very

pungent smell; it fumes in the air, and is heavier than water, by
which it is rapidly decomposed into acetic acid and hydrochloric acid.

Acetyl Bromide C2H30Br, obtained by the action of phosphorus
tribromide upon acetic acid, has similar properties

;
it boils at 81°.

If sodium amalgam is brought into contact with a mixture of

acetyl chloride and acetic acid, the nascent hydrogen converts the

chloride first into aldehyde, which combines with hydrogen to form
alcohol

;
the latter is again acted upon by acetyl chloride, the pro-

ducts of the reaction thus being sodium chloride, sodium acetate, acetic

ether, and water.

On heating acetyl chloride with silver cyanide, acetyl cyanide

CH3.CO.CN is obtained, a liquid boiling at 91°, and which by
water is decomposed into acetic acid and hydrocyanic acid.

C H 0 )

Acetyl Oxide or Acetic Anhydride r 0 is formed by the action

of acetyl chloride upon any anhydrous acetate. To prepare it,

phosphorus oxychloride is added drop by drop to an excess of fused
sodium 'acetate

;
a violent reaction ensues, by which sufficient heat

is evolved to volatilize the anhydride, which is formed by the t\\ o

successive reactions :

—

(1) POCI3 + j
0 =

j
+

(2)
C,H30

I
C3H3O ) _ C3H3O

I^ ^ Cl j
+ Na j

^ C2H3O j

^

It is a colourless liquid, boiling at 138°, and possessing a pun-
gent smell. It is heavier than water, by which it is decomposed

—

slowly in the cold, more quickly on heating—into two molecules of
acetic acid

C2H3O )

C2H3O j

0 +
H
H 0 = C.2H3O

H }
0 +

C2II3O 1
Hj 0

Acetic anhydride combines with potassium acetate, forming a
crystalline compound C4HQO3 + 2C2H3O2K. By the action of hydro-
chloric acid it yields acetic acid and acetyl chloride :

—

C2H3O

j

0 + _ C,H30 i Q C2II3O ]

II j

^ + Cl I

By treating it with iodine and phosphorus acetyl, iodide C2TT3OI is

obtained, a liquid having a brown colour, and boiling at 108°. I>y

water it is decomposed into acetic acid and hydriodic acid.
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If silicon tetracliloride is digested with a mixture of acetic acid

and acetic anhydride, acetyl silicon oxide or silico-acetic anhydride

Si(C
2
ll302)4 is formed :

—

I ^ (C2ll302),Si + 4HC1

It forms beautifully white crystals, which if thrown into water

decompose with a hissing noise, acetic acid and silicic acid being

formed.

If acetic anhydride is heated with etliyl silicate a reaction sets in

by which ethyl acetate and triethyl-acetyl silicate are formed :
—

SitOC,H,), + }
O = Si

OC^H
OCJI

h oc
(.00

2^5
H, +

2^ *-5

H.,0

C^H^O

Ethyl-acetyl silicate is a liquid, which has a faint smell of acetic

acid, and boils at about 1.90°.

CHOI
Acetyl Peroxide

|
^>.

2
.—To obtain this compound, pure barium

peroxide is added to a solution of acetic anhydride in ether
;
the liquid

is separated from the barium acetate by filtration, and evaporated at

a low temperature. The peroxide is left behind as a thick liquid,

which on heating explodes with great violence. It has a burning taste,

and is as powerful an oxidizing agent as hydrogen peroxide
;

it

decolorizes indigo solution, sets iodine free from potassium iodide, and

converts potassium ferrocyanide into ferricyanide. This substance is

formed according to the equation ;

—

2
C

2
H

3
O 1 Q I _ ^'2H3^2 1 4- ^2^3^^ I Q

"'C
2
H

3
O j

^ - C^H302 j

^ + C
2
H

3
O

j

CHOI
Thiacctic Acid ^2 3

^^ |
g is obtained by distilling acetic acid with

phosphorus pentasulphide :

—

gCjHsO
I
Q ^ ^ jCjHjO

I
g J, y

2 ^"5

Freshly prepared it is a colourless liquid, but after some time it

becomes yellow
;

it boils at 93°, and smells like hydrogen sulphide and

acetic acid. It is soluble in water, and forms crystalline salts, the

most characteristic of which is lead thiacctate, which crystallizes from

water in white needles which cannot be kept, as they soon decompose,

leaving lead sulphide behind.

When phosphorus pentasulphide acts upon acetic anhydride, acetyl

sulphide or ihiacetic anhydride ^ formed, a colourless liquid
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boiling at 121°, wliicli with water yields acetic acid and thiacetic

acid ;—

•

C^H^O
1 s ,

H 1 _ C.H^O
I g |

C2II3O j

^ + H j

^

C,H30 4

Acetamide H -IST is slowly formed when acetic ether is acted

III
npon by ammonia in the cold, quickly if they are lieated together

in sealed tubes to 120°. It forms white crystals, melting at 78°,

boiling at 222°, and smelling like mice. It combines wdth acids,

but its salts are not very stable
;

the nitrate N(C2H30)Ii3.N03 is

obtained in form of crystalline plates by evaporating a solution of

acetamide in nitric acid. Freshly precipitated silver oxide dis.solves

in a hot aqueous solution of acetamide, and on cooling colourless

CJ1.,0
1

-N.

crystals of silver acetamide H vN separate. Mercuric oxide forms

Ag j

(CAO)^
a similar compound, mercury acetamide H,

Hg
When dry hydrochloric acid gas is passed over fused acetamide,

C2H3O 1

diacetamide C0H3O V N distils, and the residue consists of ammonium

chloride and acetdiamine hydrochloride C^HgN^ClH, a salt crystallizing

in colourless needles. The free base itself has not been isolated
;

by adding an alkali to one of its salts, acetdiamine takes up water,

and is resolved into ammonia and acetic acid.

The reactions by which this compound is formed are expressed by
the following equations :

—

C2H3O 4 C2H3O 4

H l-N + HCl = NH,C1 + C2H3O [n
Hj

( 1 )

Hj
CH, OIL CH„ CH.,

(2) + +
CO.NH2 CO.NH2 CO.OH C(NH)NH.,

If acetic ether is acted upon by ethylamine instead of ammonia,
cyi30'|

ethyl-acetamide -X is obtained, a thick liquid boiling at 200°.

H j

By acting upon acetamide or ammonium acetate with phosphorus
pentoxide, water and acetonitrile (methyl cyanide) are formed :

—

CH3 CIL
I

=
I

+ H,0
CO.NH, CN



144 THE CHEMISTRY OF

^In a similar manner it is acted upon by phosphorus pentasul-

I ^ ^ 6CH3.CN + 5H3S + P.3O3

C.3II3O
1Diacetamide CgHgO —Besides the reaction mentioned above

.

this compound is also formed by heating acetonitrile with acetic
acid :

—

NC.CII3 + O f CO.CH
IH

3

3

It forms small white needles, melting at 74°; its aqueous solution
has an acid reaction.

Tfiacetamide C2H3O VN.—This compound is formed, but slowh^,
C2H3O j

on heating acetonitrile with acetic anhydride to 200° :

—

NC.CH3 + 0 I CO.CH
1 CO.CH

( CO.CH
= H- CO.CH

( CO.CH

3

3

3

It has great resemblance with diacetamide, forming white crystals

melting at 78°, and dissolving in water to a neutral liquid.

SUBSTlTUTION-tRODtrCTS OF ACETIC ACID.

CH Cl CO )
Monochloracetic Acid - H |

prepared by

jiassing chlorine into boiling acetic acid in the presence of iodine.

It is also formed by acting with chlorine upon acetic anhydride at

100°:—

} 0 + Cl - } C2II3O )

C
2
ll30 j Hj^^+ Clj

Monochloracetic acid crystallizes in rhombic prisms, melting at 62°

and boiling at 185°
;

its vapour has a suffocating smell, attacking the

eyes. It has a sharp, sour taste, and is very caustic, destroying the

skin, and is therefore used for removing corns and warts. It is very

readily soluble and deliquescent in moist air. The metallic chlorace-

tates crystallize well
;
on boiling their aqueous solution they are

resolved into a metallic chloride and ghjcollic or oxy-acetic acid
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CH2(0H)C0
I
Q Nascent hydrogen easily reduces monochloracetic

acid to acetic acid, and phosphorus trichloride converts it into mono-

chloracetyl chloride '

Cl |
^ compound which is also formed

by the action of chlorine upon acetyl chloride. It is a colourless

liquid, possessing a pungent and suffocating smell, and boiling

at 105°. Water decomposes it into chloracetic acid and hydro-

chloric acid. With ethyl alcohol it yields ethyl monochloracetate

2 „ [- 0, a liquid boiling at 143°‘5, and possessing a pleasant
'^2^5 )

smell. It is also formed by passing hydrochloric acid gas into an
alcoholic solution of monochloracetic acid. By acting on this ether

CHX1.CO
'

with ammonia, monochloracetamide
H,

N is formed, which

is soluble in water and crystallizes in shining scales.

CHCl CO 1
Dichloracetic Acid

|
0 is obtained by the further action

of chlorine on monochloracetic acid
;

it forms colourless crystals,

CHCL.CO I

and boils at 195°. K I
0 crystal-Potassium dichloracetate

lizes from alcohol in large silky plates.

Trichloracetic Acid
|
q—

T

pig can he obtained in

different ways. It is formed when an excess of chlorine acts on
acetic acid in the sunlight, but the most convenient method to obtain

it in large quantities is to oxidize chloral hydrate (see below) with
fuming nitric acid. It is also produced by heating perchlorethjd

oxide, which at 300° is resolved into hexachlorethane C2Clg and tri-

acetyl chloride
|

_ ppc latter, in contact with water, yields

hydrochloric acid and trichloracetic acid.

Trichloracetic acid crystallizes in colourless rhombohedrons and
boils at 195°; it is very caustic, producing blisters on the skin, and
it is very readily soluble in water. The tricliloracetates are well defined

salts
;
lead trichloracetate Pb(C2Cl302)2+H20 is readily soluble inAvater

and forms large rhombic prisms
;
copper trichloracetate Cu(C2Cl302)2

-1- 6H2O can be easily obtained in large crystals resembling copper
sulphate. On distilling the ammonium salt with phosphorus pent-

oxide, trichloracetonitrile C2CI3N is formed, a colourless liquid boiling

at 81°, Avhich, by means of caustic potash, can be reconverted into

trichloracetic acid. On heating this acid with alkalis it splits up
into chloroform and carbon dioxide :

—

CCI3

I

OO.OH
= CCI3H + CO2

u
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Chloral or Tricliloracctaldehyde C
2
CI

3
OH is obtained by passing dry

cblorine into absolute alcohol as long as any action takes place.

The final product, however, is not chloral, but a solid compound of

chloral and alcohol called chloral cdcoholate, which is decomposed by
concentrated sulphuric acid into alcohol and chloral :

—

CCI3.CHI = CCI3.COH + C2H5.OH

The reaction by which chloral alcoholate is produced is rather com-
plicated. First aldehyde is formed, which combines with some of tlie

alcohol, forming acetal CH
3
.CH(OC

2
H

5)2 ,
a compound which will be

described under ethidene compounds. By the action of chlorine on
acetal, it is next converted into trichloracetal, which by the hydro-

chloric acid produced is resolved into chloral alcoholate and ethyl

chloride :

—

CCl3.CH(OC2H5)2 -f HCl = CCI3.CH
I QQ + C2H3CI

Chloral is also formed by the action of chlorine upon aldehyde
;

it

is a colourless liquid, possessing a peculiar irritating smell, and boil-

ing at 99°. Like common aldehyde, it reduces silver from an ammo-
niacal solution of the nitrate, and forms crystalline compounds with
ammonia and the acid sulphites of the alkali-metals. Hydrogen
in the nascent state converts it into aldehyde, and oxidizing agents

transform it into trichloracetic acid. It combines with water, with
the evolution of heat, forming chloral hydrate CCl

3
.CH(OH)

2 ,
white

transparent monoclinic crystals boiling at 120°
;

concentrated sul-

phuric acid again resolves this body into water and chloral. Chloral

also combines with alcohols, with acetamide and other amides, and
with urea. By the action of aqueous alkalis it splits up into chloro-

form and formic acid :

—

CCI3.COH + KOH = CCI3II -f- COH.OK

Chloral undergoes polymerization on standing for some time, meta-

chloral being formed, a white porcelain-like mass
;
this change takes

place much quicker in presence of a little sulphuric acid. On heating

metachloral to 1 80° it is again transformed into chloral.

Chloral hydrate is used as a very valuable medicine
;

it acts as a

sedative and antispasmodic, producing ansesthesia and a quiet sleep.

By adding a little water to a mixture of chloral hydrate and potas-

sium cyanide, and heating gently, a violent reaction ensues
;
torrents

of hydrocyanic acid escape and dichloracetdc acid is formed :

—

CCl
3
.CII(OII)2 + KCN = CHClg.CO.OH -f HCN + KCl

Monohromacctic Acid
|
0 is obtained by heating together

bromine and acetic acid in sealed tubes to 150°. It forms colourless
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deliquescent crystals, melting below 100°, and boiling at 208°. Its

salts are very unstable, and decompose readily into a metallic bromide

CH 13r CO )
and glycollic acid. Ethyl monobromacetate ^

^
•

r 0, a colourless

liquid, possessing a very pungent smell, and attacking the mucous
membranes and the eyes, is readily formed by heating the acid with

ethyl alcohol. By heating this ether with potassium iodide, ethyl

CH I CO

)

moniodacctate
^(j pj |

^ formed, an oily liquid with a very irri-

tating smell. This body is easily decomposed by baryta-water
;
by

treating the barium salt thus obtained with sulphuric acid, mon-
iodacetic acid is set free, which crystallizes in colourless, non-deli-

quescent plates. It melts at 82°, undergoing p>artial decomposition
;

on heating it stronger it is entirely destroyed, carbonization taking

place. When this acid is heated with concentrated hydriodic acid,

iodine is set free and acetic acid is formed :

—

C
2
H

3
IO

2 + HI = + I
2

This reaction explains why it is not possible to substitute hydrogen
directly by iodine in acetic acid.

CHBr CO ) .

Dibromacetic Acid 0 is a colourless liquid, boiling at

225°, which is obtained by heating four molecules of bromine with

one molecule of acetic acid. It can be easily transformed into di-

iodacetic acid, which is sparingly soluble in water, and forms white
crystals.

Tribroma cetic A del
CBra-CO

|
q crystallizes in shining tables,

melting at 130° and boiling "with partial decomposition at 245°. It is

obtained by the action of nitric acid upon bromal CgBrgOH, a liquid

resembling chloral, boiling at 172°, and produced by acting with dry
bromine upon absolute alcohol.

Cyanacetic Acid 1 0.—To prepare this acid, ethyl

monochloracetate is heated wuth an aqueous solution of potassium

cyanide for some time
;
the liquid is then neutralized with sulphuric

acid and evaporated. The residue is acidulated with dilute sulphuric

acid and exhausted with ether. On evaporating this solution the

crude acid is left behind
;
to purify it the lead salt is prepared by

treating the acid with water and lead carbonate, and the repeatedly

recrystallized salt decomj)osed wuth hydrogen sulphide. Cyanacetic

acid forms yellowish crystals
;

its salts are readily soluble in water,

with the exception of the mercuric and the silver salt.

Cyanacetic acid is a monobasic acid as well as nitrile
;
on heating

it with an alkali, bibasic malonic acid is formed :

—

CH.,
fCN
\
CO.OH + 2H,0 = CII

2
1

CO.OH
CO.OH + NH
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SUBSTITUTION-PEODUCTS OF ACETONITRILE.

The compoimds to be described here have never been produced
from acetonitrile

;
that they nevertheless are derivatives of this com-

pound is shown by their reactions. The starting-points for these

bodies are the so-called fulminates, compounds which are polymeric
with the cyanates, and which are salts of the unknown fulminic acid

or nitro-acetonitrile CN’.C(N02)Il9.

Silver Fulminate CN.C(N02)Ag2.—To prepare this body, one part of

silver is dissolved in twenty parts of nitric acid (specific gravity 1’36)
;

twenty-seven parts of spirits of wine (containing 86 per cent.) are

added, and the mixture is heated until gentle ebullition begins, when
again the same quantity of spirits of wine is added. On cooling,

fulminating silver crystallizes out in white needles, sparingly soluble

in cold, but more readily in hot water. It is a very dangerous body,

on account of its highly explosive properties. In preparing it, or

in working with it, great precaution has to be observed, as it easily

decomposes, even in the moist state, with a most fearful detonation.

The formation of this compound is explained by the following

equation :

—

C2H6O -f 2AgN03 + N’aOg = C
2
(N02)NAg2 -f 2HXO3 -f 2H2O

The nitrogen trioxide necessary for this reaction is furnished by
the action of nitric acid upon alcohol. Tulminating silver is conse-

quently also produced if nitrogen trioxide be passed into an alcoholic

solution of silver nitrate. When potassium chloride is added to a

boiling solution of silver fulminate the double salt C2(N02)NAgK
crystallizes on evaporating the filtrate; it forms silvery shining scales,

and decomposes on the application of heat with a violent explosion.

Nitric acid produces in a solution of this salt a white precipitate of

acid silver fulminate C9(N02)NAgH.
Mercuric Fulminate CN.C(N02)Hg is prepared on the large scale

by dissolving one i)art of mercury in twelve parts of pure nitric acid

(specific gravity 1‘3G), and adding twelve parts of spirits of wine, when
a violent reaction sets in, which is kept in check by adding gradually

more alcohol. First, the liquid blackens by the separation of metal-

lic mercury, which, however, soon disappears again. On cooling, the

fulminating mercury separates as a crystalline powder. It is nearly

insoluble in cold water
;
from a boiling solution it is obtained in

white prismatic crystals. When kindled in the open air it burns

away like gunpowder, but by percussion it is decomposed with a

violent detonation
;

it is used for fiUiug percussion-caps. On heating

it with water and zinc or copper, zinc fulminate (.^(NOolNZu, or

copper fulminate C2(N02)NCu are obtained, both crystalline and

soluble salts.
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Hydrogen sulphide decomposes the fulminates with the forma-

tion of a metallic sulphide, carbon dioxide, and ammonium suljtlio-

cyanate :

—

CN.C(N02)Hg + 2H2S = HgS + CO2 + CN.SNH,

Chlorine yields with fulminates a metallic chloride, cyanogen chlo-

ride, and chloropicrin :
—

CN.C(N02)Hg + 3CI2 = IlgCla -h CNCl -H C(N02)Cl3

Bromine decomposes a part of the mercury salt in a similar way,

hut there is also dibrovionitro-acetonitriU ClSr.C(]S[02)Br2 formed, large

colourless crystals, possessing a most irritating smell, like chloropicrin.

Iodine, however, simply replaces the mercury, di-ioclonifro-acctonitrile

CN.C(N02)l2 being formed, crystallizing from ether in large mono-
clinic prisms, melting with slight decomposition at 86°.

Fuhninuric Acid C3H3N3O3.—This acid, formerly also called iso-

cyamiric acid, is produced when mercuric fulminate is boiled with a

concentrated solution of an alkaline chloride. By using potassium
chloride, the solution yields on cooling a curdy precipitate, a com-
pound of potassium fulminate with mercuric chloride, which is de-

composed by hydrogen sulpliide. The filtrate leaves on evaporation

the potassium salt
;
on adding sugar of lead to its solution a white

precipitate of lead fulminurate is obtained, which, when decomposed
by hydrogen sulphide, yields the free acid. Fulminuric acid is a

crystalline solid, very soluble in water and j)ossessing a strongly acid

taste. It is monobasic
;

its salts are mostly soluble, and crystallize

well
;
on heating they decompose with a slight explosion. The con-

stitution of this acid is not quite understood
;

its formation from a

fulminate is explained by the following equation:

—

2C2(N02)NH2 + H2O = C3(N02)N2H30 + NII3 -h CO2

On introducing a fulminate gradually in small quantities into a

mixture of concentrated sulphuric acid and nitric acid, trinitro-

acetonitrile ClSr.C(N02)3, a crystalline mass, resembling camphor, is

obtained, which is decomposed by water with the formation of am-
monia, carbon dioxide, and nitroform (see page 1 02). The formation

of trinitroacetonitrile is explained by the following equation :

—

C3(no2)H2H30 -p 2NO2.0H = CN.c(]sro.2)3 -p CO2 -p NH3 -p H2O

By acting with hydrogen sulphide on this compound, the ammo-
nium salt of dinitroacetonitrile CN.C(N02)2H is formed :

—

CN.C(N02)3 + 4H2S = CN.C(X02)2NH4 + 2H2O -P 4S

By adding an acid to the ammonium compound, dinitroacetonitrile

separates out. It forms large colourless crystals, and is a monobasic

acid, the hydrogen being easily replaced by metals. The silver sal!

is as explosive as silver iulniinale.
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PROPYL-ailOUP.

Primary Propyl Alcohol C3IL.OH occurs in small quantities in

the fusel-oil of beetroot spirit, corn spirit, and cognac. To isolate

it the fusel-oil is subjected to fractional distillation, and the por-

tion boiling between 80° and 105° collected separately. This is a

mixture of ethyl, propyl, and isobutyl alcohols, ydiich cannot be
separated by fractional distillation, as their boiling-points are too

close together.

Boiling-point.

Ethyl Alcohol 78°A
Propyl Alcohol 97
Isobutyl Alcohol 108

The liquid is therefore acted upon by phosphorus and iodine or

bromine, to obtain the iodides or bromides, the boiling-points of which
differ much more, so that it is easy to obtain pure compounds by frac-

tional distillations. The boiling-points of these compounds are :

—

Ethyl Iodide ... 72°

Propyl Iodide . . . 102

Isobutyl Iodide . . 121

Ethyl Bromide . . .
39°

Propyl Bromide . . 71
Isobutyl Bromide . . 92

The bromide or iodide of propyl is next heated in sealed tubes

with concentrated acetic acid and potassium acetate, and the propyl

acetate thus formed is converted into the alcohol by heating it with a

solution of potash. On distillation, aqueous propyl alcohol is ob-

tiiiiied, which may be rendered anhydrous by a similar method to tliat

by which absolute alcohol is obtained.

Propyl alcohol has also been obtained by synthesis from ethyl

alcohol. It is a light colourless liquid, resembling common alcohol

;

on oxidation it yields propionaldchydc CgllgO, a liquid boiling at 50°,

and propionic acid.

C II 0 )
Propionic Acid ^

|
0 is best prepared by boiling propionitrile

with an alcoholic solution of caustic potash as long as ammonia is

given off. The solution is then evaporated, and the residue distilled

with diluted sulphuric acid. I'ropionic acid is a colourless liquid

boiling at 140°, and having an acid smell. It mixes with water in

all proportions, but by adding calcium chloride to the aqueous solu-

tion, the acid separates as a light oily layer. From this property

its name has been derived, being the first member of the series

showing the properties of a fat [n-pwrov irlov). Amongst the salts,

lead propionate Pb(C
3
ll50 .2)2 is most characteristic

;
it is very soluble
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in water, and does not crystallize, but dries up into an amorphous

gum-like mass.

Secondary Propyl Alcohol, or Dimethyl Carhinol

called isopropyl alcohol, may he obtained from the primary alcohol by

heating it with an excess of concentrated sulphuric acid, by which it

is decomposed into water and propene C^Hg. This gas is absorbed

by shaking it with cold sulphuric acid, and isoprop>yl sulphuric acid is

formed, thus :

—

CH3

CH,

also

which on boiling with water is decomposed into sulphuric acid and
the secondary alcohol. To obtain it in larger quantity, it is best

to act on its iodide with silver salts, and to decompose the ethers

thus formed with caustic potash.

Dimethyl carbinol is a colourless liquid with a vinous smell, boiling

at 84°. It mixes with water in all proportions, and forms a hydrate

2C3HgO + H2
O, which boils without decomposition at 78°, and has

thus the same composition and boiling-point as ethyl alcohol. On
heating it with the hydracids of the chlorine elements, the secondary

chloride, bromide, and iodide are obtained.

CH )
Isopropyl Iodide > CHI is also formed by the direct combina-

3
^

tion of propene and hydriodic acid, but is best prepared by heating

glycerin CgHgOg, a triad alcohol, with an excess of fuming hydriodic

acid :

—

CH.,OH CTL

CHOH + 5HI = CHI -h 3H„0 + 21,

CH2OH CIL

It is a heavy colourless liquid, boiling at 89°. When it is heated

with water and silver oxide, isopropyl alcohol and isopropyl ether

(CH^)^CH }
^ ^ mobile liquid with an ethereal smell and boil-

ing at 60°—are formed.

On bringing the iodide together with water and hydrochloric acid,

propane CgHg is evolved, a gas burning with a luminous flame.

When acted upon by chlorine in diffused daylight, it yields, besides

other substitution-products, primary propyl chloride. This trans-

formation from the secondary to primary propyl compounds takes

place according to the following equations :
—
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(1) CH, CH,

1

CHI + H,
1

= CII
2 + HI

1

CH,
1

CH,

(2) CH,
1

CH,
j

CH, + Cl, = CH, + HCl
1

CH,
1

CH
2
CI

By this reaction, and those before described, we are therefore able

to transform the primary propyl compounds into secondary ones, and

vice versa.

Cyanides of Isopropyl.—By heating isopropyl iodide with an alco-

CJI 1
holic solution of potassium cyanide, isohutyronitrile

|
CH.CN is

ormed, together with the isomeric isopropiylcarbaniine
j-
CH.iSI’C,

which may be obtained in larger quantities by treating silver cyanide

with isopropyl iodide. This compound boils at 87°, and has, like all

carbamines, a most penetrating unpleasant smell; its vapour produces

an unbearable bitter taste in the throat. When heated with aqueous
hydrochloric acid for a few hours to 140°, it yields formic acid and

isopropylamine
j.
CH.NH

2 ,
a mobile liquid having an ammo-

niacal and sweetish smell, and boiling at 32°.

CM
Acetone, Dimethylkeione

tion of chromic acid to isopropyl alcohol, it is oxidized to acetone,

which is also obtained by acting on zinc-methyl with acetyl

chloride :

—

CO.—On adding a cold diluted solu-

2CO
I

-f Zn
CH
CH = ZnCL + 2CO

{

CH,
CH,

The best method, however, to obtain it in large quantities, is by

the distillation of calcium acetate :

—

CHg

CO.O\^ ^
CO.O/

“

1

CH,

CH,

!

CO + CO,Ca

I

CH,

It is also formed when the vapour of acetic acid is passed through



THE CARBON COMPOUNDS. 153

a red-hot tube, and further, by the destructive distillation of sugar,

tartaric acid, wood, &c., and is therefore contained in crude wood-

spirit.

Acetone is a mobile liquid, boiling at 56°, and having a pleasant

smell. It is miscible with water, and combines, like the aldehydes,

with the acid sulphites of the alkali-metals, forming crystalline com-
pounds, which are but sparingly soluble in water.

By the action of acids on acetone it loses the elements of water,

and yields products of condensation.

Methyl-isob'iitenyl Ketone CgH^QO, commonly called mesityl oxide,

is obtained by gradually adding strong sulphuric acid to acetone, or if

acetone is left standing over quicklime for some time, and afterwards

distilled. It is a colourless oil, smelling like peppermint, and boiling

at 130°. It has the following constitution :

—

CHg

)>C=CH—CO—CHg
CH3

Besides this substance another compound, called acetophorone

CgHj^O, is formed by the above reaction. It forms yellowish crystals,

melting at 28°, and boiling at 196°. Its constitution is probably the

following :

—

CH3-C=CH—C=CH-CO—CH3
I

i

CH3 CH3

When acetone is heated with concentrated sulphuric acid, mesity-
lene Cgll^g is obtained :

—

SCgHgO = CgHi2 -p SH^O

This hydrocarbon belongs to the group of aromatic compounds, and
is trimethylbenzene :

—

CH3

I

C
^ \

HC CH

CH
3
—C C—CH,

CH
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BUTYL-GROUP.

The compounds of the tetracarbon-series are derivatives of the
following two paraffins :

—

CH„

I

CH,
Butane

|

CII2

I

CH3

From butane, compounds of primary and secondary butyl are de-

rived, and from trimethyl-methane primary and tertiary compounds.

CH„ CH,
\ /

Trimethyl-methane CH
I

CII.,

DERIVATIVES OF BUTANE.

Butane or Diethyl is a colourless and very inflammable gas,

burning with a luminous flame. By strong pressure or by cold it is

condensed into a liquid, boiling at -f- 1°, and having the specific

gravity 0‘600 It is found in the most volatile portion of Pennsyl-
vanian rock-oil, and in the distillation-products of cannel and bog-

head coal. To prepare it, ethyl iodide is heated in sealed tubes with
the required quantity of clean zinc, and with its own volume of dry
ether, for some hours to 100°, until all the metal has disappeared, half

of the iodide being converted into zinc-ethyl. The tubes are now
opened before the blow-pipe to allow the escape of any ethane which
might have formed by the presence of traces of moisture, the tubes

are sealed again, and heated during some hours to 130°—140°.

After cooling them in ice-water the points are opened, and the butane
driven out by gently heating, and collected in a gasholder.

When butane is mixed with an equal volume of chlorine and ex-

posed to the light, substitution-products are formed, amongst which
hutyl chloride C^HgCl is found.

Normal Butyl Alcohol C^Hg.OII is easily obtained in quantity by
dissolving butyraldehyde in water, and gradually adding liquid

sodium amalgam and an equivalent quantity of dilute sulphuric

acid. On distilling the product, butyl alcohol passes over with the

first portion of the distillate, and by repeating this operation a con-

centrated aqueous solution is obtained, from which on adding potas-

sium carbonate, the alcohol separates out as a light layer. To remove
the water still adhering, the liquid is first dried over fused potassium

carbonate, and then over caustic bar}d,a, or is repeatedly distilled over

small quantities of sodium.
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Normal butyl alcohol is a limpid, mobile liquid, having a vinous

smell, and boiling at 116°.

Butyl Chloride C^HgCl is prepared by saturating the alcohol with

gaseous hydrochloric acid, and heating this solution together with

some concentrated aqueous acid to 100° until the liquid has separated

into two layers, the upper one of which consists of the chloride. It

is a colourless liquid boiling at 77°‘6.

Butyl Iodide C^Hgl is best prepared by acting with iodine and
phosphorus on the crude alcohol, and purifying the product by
fractional distillation; it is a liquid boiling at 129°‘6.

Butylamme C^Hg.NH
2

is prepared by heating an alcoholic solution

of butyl chloride with potassium cyauate in sealed tubes to 110°, and
boiling the solution of butyl carbimide thus formed with caustic

potash. It is a limpid liquid, boiling at 75°‘5, and having great re-

semblance in all its properties to ethylamine.

The essential oil of the scurvy-grass {Gochlearia ojfficinalis) contains

hidyl sidphocarhvmide
C^Hg
cs

N, a liquid having a very pungent taste

and smell, and boiling at 160°.

Butyric Acid 0 occurs, together with other fatty acids, in

butter, and is also found in the fruit of Gingko biloha, in human
perspiration, in the flesh-juice, and the juice of different beetles. It

is best prepared from sugar, which, if old cheese be added to its

aqueous solution, undergoes fermentation by which it is first trans-

formed into lactic acid, and afterw^ards into butyric acid. This fer-

mentation only takes place if the solution remains neutral; chalk

is therefore added to neutralize all the acid formed. The following

proportions answer w^ell :—3 kilograms of cane-sugar and 15 grams
of tartaric acid are dissolved in 13 kilograms of boiling water

;
a

few days afterwards 120 grams of old rotten cheese, which has been
stirred up in 4 kilograms of sour milk, and 1^ kilogram of chalk

are added. The mixture must be kept at a temperature of 30°—35°

for some w^eeks. After about twenty days the liquid assumes a

pasty consistence, calcium lactate crystallizing out, which soon dis-

appears again, being converted into calcium butyrate with the simul-

taneous evolution of carbon dioxide and hydrogen ;

—

2C,Hg03 = + 2CO, + 2H
2

Wlien the fermentation is finished, a solution of 4 kilograms of

crystallized sodium carbonate is added, the liquid is filtered, concen-

trated by evaporation, and decomposed by sulphuric acid. Butyric

acid separates as an oily layer, which is dried over calcium chloride

and rectified.

It is a colourless liquid, boiling at 162°, and possessing a penetrat-

ing sour smell, wdiich in presence of ammonia becomes unpleasant,

like perspiration. It is soluble in w'ater, but separates again if soluble

salts are added to this solution. Amongst the salts caicium butyrate
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C^ll'o^ }
most characteristic, as it is more soluble in

cold than in hot water, and thus on heating its cold saturated solu-

tion it separates in shining crystalline plates.

On heating an intimate mixture of butyrate and formate of calcium
a distillate is obtained containing a large quantity of Imtyraldelujde

C^HioO, a liquid boiling at about 75°.

Ethyl Butyrate | 0 is obtained by distilling sodium butyrate

with alcohol and sulphuric acid. It is a colourless liquid, boiling

at 119°, and having a pleasant smell of fruit; it is used in the

manufacture of artihcial rum, &c. The same compound is formed
by the action of ethyl iodide upon sodacetic ether (see page 140).

C II 1
Secondary Butyl Alcohol, or Ethyl-methyl Carhinol V CH.OII.

—

The iodide of this alcohol is obtained by heating erythrite a

tetrad alcohol, with concentrated hydriodic acid, just as triad gly-

cerine yields under the same circumstances dimethyl carbinol :

—

C
4
H

10
O, -f 7IH = C.Hgl + 4H

2
O + 3I

2

The same iodide is formed when ethylated monochlorethyl oxide

(see page 111
)
is heated in sealed tubes with concentrated hydriodic

acid :

—

CHgCl CH3

CgH.O.CH -f- 4HI = CHI -f- C,HJ -}- CIH + H,0 + L

Secondary butyl iodide boils at 119°. On heating it with concen-

trated acetic acid and silver acetate a portion of it decomposes into

hydriodic acid and butene, and another yields secondary butyl

acetate :

—

(1) C,H,I + I
0 = C,H, + Agl + *^^“30 1 0

(2) CJIJ + 1 0 =
I
0 + Agl

Secondary butyl acetate has a pleasant smell of fruit, and boils at

111°. On heating it with caustic potash it yields ethyl-methyl
carbinol, a liquid boiling at 99°, having a vinous smell. When it is

treated with a solution of potassium dichromate in cold dilute sulphuric

CHI
acid, it is oxidized to ethyl-methyl ketone > CO, a liquid resem-

bling common acetone, and boiling at 81°. The same compound is

formed by the action of acetyl chloride upon zinc-ethyl :

—

2 CO + ^2^^5 1
_i_ 1 fo

^CH, + C,H, I

'2 + ^
^

^ >
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DERIVATIVES OF TRIMETHYL-METHANE.

CH )
Isobutyl Alcohol

j.
CH.CH2-OH occurs in the same fusel-oil in

which propyl alcohol is found, and is present in a larger quantity.

To obtain it pure, that portion which after repeated fractional dis-

tillation boils between 105 ° and 115 ° is by means of phosphorus and
iodine converted into the iodide, wliich by repeated distillation is

freed from the iodides of propyl aud amyl.

Isobutyl iodide boils at 121 °. By converting it into the acetate

and heating this ether with caustic potash, pure isobutyl alcohol

is obtained as a colourless liquid, which refracts light strongly and
smells like fusel-oil

;
it boils at 108 °.

Isobutyric Acid
|
CH.CO.OH is obtained by oxidizing isobutyl

alcohol, and exists in carob, the fruit of Ceratonia siliqua
;

it boils

at 153 °, and smells like common butyric acid, but less unpleasant.

From the latter acid it not only differs by its lower boiling-point, but
also by the properties of its salts. Ccdcium isobutyrate (C^H702)Ca

+ 3H2O crystallizes in prisms which are much more soluble in hot

than in cold water.

Isobutyric acid has also been prepared synthetically in two ways.
Its nitrile is obtained by heating potassium cyanide with isopropyl

iodide, and on boiling this nitrile with caustic potash isobutyric

acid is formed :

—

I
CII.CN -p 2H2O = ^^3

1

CH.CO.OH + NH3

Ethyl isobutyrate is formed by acting with methyl iodide upon
disodacetic ether :

—

Na2CH.CO.OC2H5 2CH3I = (CH3)2CH.CO.C2H5 -f 2HaI

Isobutylamine (CH3)2CH.CH2.NH2 has been obtained by distilling

a mixture of potassium isobutylsulphate and potassium cyanate, and
treating the product with caustic potash. It is a liquid boiling

at 67 °.

CII.A
Tertiary Butyl Alcohol, or Trimethyl Carbinol CH3 k COH.—When

CII
3 j

one molecule of zinc-methyl is added gradually to two molecules of

acetyl chloride, dimethyl ketone is formed; but on adding tivo

molecules of zinc methyl to one of acetyl chloride, the liquid becomes
converted after a few days into white crystals, which are formed by
the addition of zinc-methyl to acetone, in a similar manner to that

in which acetone combines with one molecule of hydrogen :

—

CH,COCl + }
Zn = <^^0

|
o + |

Zn
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The same crystalline compound is obtained by the action of

carbonyl chloride upon zinc-methyl. By water it is decomjDOsed,

marsh-gas is evolved, and trimethyl carbinol is formed, the monad
group Z11CH3 being replaced by hydrogen :

—

CHjZn } ® I
0 + Cir, + Zii(OH)5

In order to isolate the alcohol the liquid is distilled, and to the

distillate potassium carbonate is added, by which the alcohol separates

as a light layer, which must be dried over calcium cliloride and
rectified. If quite anhydrous it forms colourless crystals

;
it melts at

25 °, and boils at 82°'5
;

its smell reminds one at the same time of alco-

hol and of camphor. By passing hydriodic acid gas into well-cooled

trimethyl carbinol, tertiary butyl iodide (0113)201!.CH.,I is obtained, a

heavy colourless liquid boiling at 99 °, which in contact with moist

silver oxide is again transformed into the alcohol. If the iodide is

acted upon by silver acetate and acetic acid, the acetate of tertiary

butyl is obtained, a colourless liquid which smells like acetic acid

and peppermint, and boils at 96 °.

In presence of zinc and water the iodide is converted into trimethyl-

methane 011(0113)3, and isobutene O^IIg ;

—

OII3 OH3 OII3 OII3 OII3 OIL
\/ \/ \/

2 01 + Zn = OH + 0 + Z11I2

I I II

CH3 CH3 CH,

To separate the two gases they are passed through bromine, which
combines with the isobutene, whilst the trimethyl-methane passes

through unabsorbed. Trimethyl-methaue is condensed by a freezing

mixture into a mobile liquid, boiling at — 17°. When this hydro-

carbon is acted upon by chlorine it is converted again into tertiary

butyl chloride, which is also formed by tlie action of iodine chloride

upon isobutyl iodide.

Isobutene has also been produced by heating tertiary butyl iodide

or primary isobutyl iodide with an alcoholic solution of potash :

—

CII3 CII3

K
(
1 )

Cl + II

CIL

CIT3 CII3

IT

)

C + KI + 0
II

^

CIL

CII3 CII3

\/
Cl

I

CH,I

cii + n }
0

C1I3 C1I3

II

)

C + KI -f 0
11

iU
(dl2

(
2
)
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With hydriodic acid isobutene readily combines, forming again

tertiary butyl iodide
;

it can also be easily transformed into the

tertiary alcohol by dissolving it in dilute sulphuric acid and dis-

tilling. By means of this reaction, large quantities of the tertiary

alcohol may be obtained from isobutyl alcohol. When isobutene

is shaken with aqueous hypochlorous acid the gas is absorbed, and
isobutene chlorhydrate is formed, which has the following consti-

tution :

—

CH, CH„

CCl

I

CH2.0II

On adding sodium amalgam to its aqueous solution the chlorine

is replaced by hydrogen, and isobutyl alcohol is formed.

Trimethylcarhinylamine or Tertiary Butylamine C(CIl3)3NH2.

—

When isobutyl iodide is heated with dry silver cyanate, a dry, solid

compound of silver iodide and butyl carbimide is formed
;
this, mixed

wuth finely divided caustic potash and heated, gives off vapours of

trimethylcarhinylamine, a colourless liquid, boiling at 45°.

AMYL OR PENTY"L-GROUP.

Theory points out the existence of three isomeric hydrocarbons
C,H,2

Pentane.

CH3
Dimethyl-ethylmetliane. Tetrametliyl-methane.

1

CH2
i

CPL CH.

CH
CH,

1

CH2

1

1

CH2
CH3—C—CH,

1

CH2

1

1

CH3
CII3

CH3

(
1
) DERIVATIVES OF PENTANE.

Pentane is a colourless mobile liquid having an ethereal
smell, and boiling at 39 °. It occurs in the light oils obtained by the
distillation of boghead and cannel coal, and in American petroleum.
On passing chlorine into its vapour a mixture of a primary and a
secondary chloride is obtained, from which by a reaction already
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described primary pentyl alcohol and metliyl-]3ropyl carbinol can be

prepared.

C II IPrimary Pentyl Alcohol
|
0 has also been obtained from

pentylic acid by the same reaction by which butyric acid is trans-

formed into butyl alcohol
;

it is a liquid boiling at 137°, and smelling
like fusel-oil.

Pentylic Acid
|
0, also called normal vcderianic axid, has been

obtained by heating butyl iodide witli potassium cyanide, and boiling

the pcntonitrile C^lIg.CN thus formed with an alcoholic solution of

caustic potash. It is a colourless liquid which boils at 186°.

nt I

Methyl-propyl Carhinol
q |

CH.OH is a liquid boiling at 120°.

The iodide of this secondary alcohol is formed by combining hydriodic

acid with pentylene or isamylene a hydrocarbon which will be
mentioned under dyad radicals. The secondary pentyl iodide boils at

146°
;
by acting on it with silver acetate, the acetic ether of the

alcohol is formed, from which by means of caustic potash the alcohol

itself is easily obtained.

On oxidizing it with a dilute solution of potassium permanganate
C II I

it yields methyl-propyl ketone
q |

CO, which has also been prepared

by distilling a mixture of calcium butyrate and sodium acetate. It

is a liquid having a fragrant smell, and boiling at 103°.

(2) DEIIIVATIVES OF DIMETHYL-ETHYLMETrLVNE.

The compounds which belong to this group have been known for a

long time, and are well investigated. The starting-point for them is

i\\Q primary amyl alcohol CH-| which occurs in most fusel-

oils, and forms the chief portion of those from corn and potato spirit.

Its name is derived from this circumstance, amylum being the Latin

name for starch.

It can easily be isolated by fractional distillation, and is a colourless,

somewhat oily liquid, which boils at 132°, and ]>ossesses a penetrating

unpleasant smell. At — 20° it solidities into a crystalline mass.

Amyl alcohol turns the plane of the polarized light to the left, but

the rotating power of different samples varies very much
;
the cause

of this is, that common amyl alcohol is a mixture of an optically

active and an inactive alcohol, in which generally the latter pre-

ponderates.

These two modifications can be separated by dissolving the alcohol

in concentrated sulphuric acid, and preparing from this solution the

two barium amylsulphates, vhich are separated by repeated re-
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crystallization, that derived from the inactive alcohol being much
more soluble in water than the other. To reconvert these two salts

into the alcohols, they are first transformed into the sodium salts, and
then distilled with dilute sulphuric acid.

The two amyl alcohols differ, not only l)y their physical, hut also by
their chemical properties. Thus whilst the inactive alcohol yields on
oxidation only valerianic acid, the active one also gives some acetic

acid and carbon dioxide.

Amyl Chloride CgH^^Cl, a colourless liquid boiling at 102°, has been
prepared by heating amyl alcohol with hydrochloric acid.

Amyl Bromide CgH^^llr is best prepared by acting upon amyl alcohol

with phosphorus and Ijromine
;

it boils at 121°. Amyl iodide

is obtained in a similar way by using iodine instead of bromine
;

it is

a heavy liquid which boils at 147°.

If amyl iodide is brought in contact with hydrochloric acid and
zinc, or if it is heated in sealed tubes with water and zinc to 150°,

dimethyl-ethylriiethane CH
|

commonly called amyl hydride, is

formed, a liquid resembling pentane, and boiling at 30°.

CHIAmyl Oxide [- 0 or diamyl ether is prepared either by heating

amyl alcohol with sulphuric acid or by acting on sodium amylate with
amyl iodide. It is also formed by heating ten parts of amyl alcohol

and one part of amyl iodide in sealed tubes to 200°. In the latter

reaction amyl ether and hydriodic acid are formed, the latter acting

on the. excess of amyl alcohol to form amyl iodide again. Thus with
a small quantity of the iodide a large quantity of the alcohol may
be converted into the ether, but the reaction comes to an end after

some time, the hydriodic acid becoming so dilute that its action

ceases.

C H )
Ethyl-amyl Ether

q |j
^ r 0.—This compound can be prepared by a

great number of reactions. It is formed by heating amyl chloride or

iodide with sodium ethylate, or an alcoholic solution of caustic potash
;

or by acting with ethyl iodide upon sodium amylate
;
or by eitlier

running ethyl alcohol into a heated mixture of concentrated sulphuric

acid and amyl alcohol, or by the converse process of adding amyl
alcohol to a mixture of sulphuric acid and ethyl alcohol. It boils

at 112°.

Amyl Nitrite is prepared by passing nitrogen trioxide

into amyl alcohol. It is a colourless liquid which boils at 99°, and
possesses in the highest degree that peculiar choking smell which
most amyl compounds exhibit

;
its vapour, if inhaled even in small

quantity, produces palpitation of the heart, and deteianination of the

blood to the head.

Amyl Nitrate Cgll^^NO^.—To prepare this ether, to a mixture of one
volume of common strong nitric acid and three volumes of con-

centrated nitric acid, which is surrounded by a mixture of ice and
r M
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salt, one volume of amyl alcohol is gradually added, the liquid

being constantly stirred up. The amyl nitrate separates as a light oily

layer
;

it boils at 148°, and smells like bugs. The inhaling of its

vapour produces headache and choking.

C II ) .Amyl Acetate.
^ |

0 is prepared by distilling sodium acetate

with a mixture of amyl alcohol and sulphuric acid. It is a colourless

liquid, which boils at 140°, and smells like jargonelle pears. It is

used by confectioners and perfumers under tlie name of “ pear oil.”

Amylamine C5Hj^.NH2 is a colourless liquid, which boils at 95°, has
an ammoniacal smell, and is very caustic. It is soluble in water

;
the

solution has a strong alkaline reaction, and gives with metallic salts

the same reactions as ethylamine.

On adding it to a solution of chloroform and caustic potash in

alcohol, amyl carhaminc is formed, a liquid which boils at

137°, and has a bitter taste and an intolerable smell. This compound
is also obtained by the action of silver cyanide upon amyl chloride

together with its isomeride isoc.apronitrile CgHj^.CN, which, however,

is best prepared by distilling a mixture of potassium amylsulphate
with potassium cyanide. Isocapronitrile boils at 146", and has an
ethereal penetrating smell. On heating it with caustic jDotash solu-

tion it yields isocaproic acid.

Valeraldchyde CgHj^O.—To prepare this compound a mixture of

one part of amyl alcohol and four parts of concentrated sulphuric

acid is run slowly into a retort containing four parts of water and
five parts of potassium dichromate. By the violent reaction which
ensues sufficient heat is evolved to volatilize the aldehyde. To obtain

it quite pure, it is shaken with a concentrated solution of acid

sodium sulphite, to obtain the compound 2C5IT10
1

-e 112^1,

which is pressed between blotting paper and recrystallized from hot

water. On distilling this compound with a dilute solution of caustic

soda, we obtain pure valeraldehyde, a liquid possessing a suffocating

odour, and boiling at 92°’5.

It combines with nascent hydrogen, amyl alcohol

formed.

Valerianic Acid | O

again Ix'ing

Hj occurs in the roots of the common

valerian {Valeriana oJJicinaUs), and of Angelica, Archangelica, in the

bark and berries of the wild guelder rose
(
Viburnum opnlus), and in

the train-oil of Dclphinns globiccps.

T’rom valerian root it may be obtained by distilling the root with

water; it is, however, best prepared by oxidizing amyl alcohol, using

the same proportions as in the preparation of its aldehyde, but con-

necting the vessel with a reversed condenser, to allow the aldehyde

to flow back, and come again in contact with the oxidizing mixture.

Wlien the reaction has ceased, the liquid is distilled, and the distillate

neutralized with sodium carbonate, when some amvl valerate which
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has formed at the same time remains undissolved. The solution of

the sodium salt is evaporated, and the residue decomposed by dilute

sulphuric acid. The acid, which separates out as a light oily layer, is

dried over calcium chloride and rectified. Valerianic acid is a thin

oily liquid, possessing a sour smell of rotten clieese, and boiling at

175°. It combines with water, forming a hydrate 0511^0^-^2 +
which boils without decomposition.

This acid has also been prepared by synthesis, and is formed by
heating secondary propyl iodide with sodacetic ether :

—

CH^Na CIL,

CO
)

J

+ CHI = Nal + CH—CH.—CO
\

0 1 I

“
0,115!

0

OH, CH,

Ethyl valerate is thus obtained, which is easily decomposed by
alkalis.

Another synthesis consists in distilling sodium isobutylsulphate

with potassium cyanide, by which reaction valeronitrile C5H0N is

formed, which, on heating with caustic potash, yields j)Otassium

valerate. Most of the salts of valerianic acid are soluble in water
,

in the dry state they are odourless, but in the moist state they smell

of the acid.

Zinc Valerate (C5Hg02)2En forms scaly crystals, and is not very
readily soluble in water, but dissolves easily in alcohol : it is used in

medicine.

Silver Valerate C5HgO,Ag is a white precipitate, which can be re-

crystallized from boiling water.

C H 0~1
AmylValerate^ ^0 is obtained, besides valerianic acid, by the

oxidation of amyl alcohol. It is a liquid, boiling at 188°, and possess-

ing an odour like apples. It is used by confectioners, and called
“ apple oil.”

The amyl alcohol possessing rotating power yields on oxidation,

besides some carbon dioxide and acetic acid, a valerianic acid, Avhich

differs from that just described in different ways. It is optically

active, turning the plane of polarized light to the right, whilst the

alcohol turns it to the left. The same acid is formed by the putrefac-

tion of albuminous substances, and is therefore found in old cheese.

It boils at 170°, aiid forms salts which have the same composition and
properties as those of the inactive acid, with the exception of the

barium salt, which does not crystallize, but dries up to an amorphous
mass, whilst that of the inactive acid crystallizes easily in large plates.

Secondary Amyl Alcohol
|
q jq OH, or Methyl-isoproijyl

Carbinol.—AVhen amyl alcohol is heated witli zinc chloride, water

and amylcne C^H^g are formed. This hydrocarbon combines with

fuming h > diiodic acid, and yields secondary amyl iodide :—
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CH3 C1I3

I I

CH-CH=C1I., + IH = CH-CI—CHj
I

"
I

CH3 CII3

This iodide boils at 130°
;
by actini; on it with silver salts a portion

splits np into amylene and hydriodic acid, whilst another portion

yields compound ethers.

The acetate, which boils at 125°, possesses an ethereal smell, quite

different from that of the primary acetate.

AVhen the iodide is acted on by silver oxide and water, besides a

little amylene, the secondary alcohol is obtained, boiling at 108° and
]iossessing a smell quite different from that of fusel-oil. It is some-
times called amylene hydrate, from the fact that on heating it to 200°

it splits up into water and amylene.

By the action of silver cyanide upon the secondary iodide, the cor-

responding carbimide is foi-med, which when distilled with an alkali

yields isainylamine, which is isomeric with amylamine :

—

Ainylaniine.

CH3 CH3
\/
CH

i

CIT.,

I

CH2.NJI2

Isamj4aniinp.

CII3 CIB
\/
CH

I

CII.NII,

I

CII3

Isainylamine boils at 78'5°, and has an ammoniacal smell
;

it is

soluble in water, and is as strong a base as amylamine.

Ethyldimethyl Carhinol
|
COIL— This tertiary amyl alcohol

has been obtained from zinc-methyl and propionyl chloride. It is a

thick liquid, boiling at 100°, and yielding on oxidation only acetic

acid.

TETnAMETIIYL-METIIAXE 0(0113)^

is formed by acting with zinc-methyl iqmn tertiary butyl iodide:

—

20(0113)31-+ Zn(Cll3)3 = 2C(CI!3), + Znl,

It has also been prepared by the action of zinc-methyl upon pro-

pidene dichloride (0113)2001.2, a compound which is obtained by
treating acetone (Oll3).200 with ]dio.s])horiis pentachloride. It boil's

at 0°-r)] and solidiiies at — 20° to a wliite mass.

Tertiary Valerianic Acid C(tdlg)30 (,LH, or Trimethylacct ir Arid .
—
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This acid has been obtained by treating tertiary butyl iodide with

mercuric cyanide, and decomposing the nitrile thus formed with

alcoholic potash. The pure acid boils at 1G1°, and solidifies on cool-

ing to a glassy mass mixed with crystals, melting at 35°. It has a

pungent acid taste, and a faint sour smell. The corresponding alcohol

is not known.

HEXYL GROUP.

Four paraffins having the formula are known :

—

Hexane. Dimethyl- Tetramethyl- Trimetliyl-

propyluiethaiie. ethaue. ethylnietliane.

CII3

1

CH3 CII3 CH3 CH3 CIL

1

\/ VCH
1

CH, CH H^C—C—CH
1

CH, CH3 CH 1

CH,
1

“

1

/\
1

CH2
}

CH,

1

CH3

CH,

1

^

CII3

CH3 CII3
CTI3

(1) DERIVATIVES OF HEXANE.

Hexane, or Hexyl Hydride.—This hydrocarbon occurs in the light

oils obtained in the destructive distillation of boghead and cannel coal,

and in large quantities in Pennsylvania petroleum. Pure hexane is

also formed by acting upon propyl iodide with sodium, or by treating

the secondary hexyl iodide with zinc and hydrochloric acid. By
passing dry chlorine gas into the vapour of boiling hexane a mixture

of primary and secondary propyl chloride is formed, from Avliich, by
heating with glacial acetic acid and potassium acetate, tlie acetic

ethers are obtained. On treating these acetates with an alcoholic

solution of caustic potash the alcohols are formed, which cannot be
completely separated by fractional distillation, as the difference be-

tween their boiling-points is only 1
5°.

C II 1
Primary Hexyl Alcohol ^ j

0.—The essential oil of Herctclcum

(jiyanteum consists chiefly of a mixture of liexyl butyrate and octyl

acetate. By saponifying these ethers with caustic potash the alcohols

are set free, and can easily be separated by distillation, liexyl alco-

hol boils at 157°, and possesses a pleasant aromatic odour. Hexyl
iodide C^IIj^I is a heavy, colourless liquid, boiling at 179°‘5. The
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C.H )

acetate possesses a pleasant smell like fruit; it boils at

169°.

Normal Hexyl ic or Caproic Acid ^
^
]£ }

^ obtained by oxidiz-

ing the alcohol, and has also been obtained from its nitrile or butyl

cyanide. It is an oily liquid, possessing a pungent and sudorific

smell, and boiling at 205°. It occurs in plants, as in Satyriuni hir-

cinum and in the fruit of Gingko hilola. Cocoa-nut oil, as M'ell as

butter, contain caproic acid besides caprylic and capric acids.^ Caproic

acid has also been found in human £)erspiration and in crude butyric

acid obtained by fermentation.

To obtain the three acids from cocoa-nut oil, it is saponified witli

caustic soda and the soap distilled with dilute sulphuric acid
;

tlie

volatile acids distil over, whilst non-volatile fatty acids remain
behind.

CH )
Secondary Hexyl Alcohol, or Methyl-hutyl Carhinol

q r CH.OII.

—

The iodide of this alcohol is formed by heating mannite CgHg(OTI)g
with an excess of fuming hydriodic acid :

—

CgHg(OH)g -f llHI = CJIigl -f- 6H2O + 5I2

In preparing it amorphous phosphorus is added to the mixture, by
means of which the free iodine is re-converted into hvdriodic acid.

The iodide boils at 165’5°; when it is treated with silver oxide and
water it yields the alcohol besides hexene C(j^^i2 secondary hcxiyl

ether :

—

(1) C,II,
3
l -f AgOH = C,H,,0 -f Agl

(2) CJI,3l-f AgOII = C^H,^ + Agl 4- Tip

(3) 2CgH,3l + 2AgOIl = I q -p 2AgI -f II^O

j\Iethyl-butyl carbinol boils at 137°, and yields on oxidation

—

Methyl-butyl Ketone f CO, a mobile liquid, boiling at 127°,

which by further oxidation splits up into acetic acid and butyric

acid : the same products are obtained by oxidizing the alcohol pre-

pared from hexane.

(2) DERIVATIVES OF DIMETIIYL-rROPYUIETHANE.

Dimethyl-propylmethanc Ctls CII
3

is obtained by the action of

sodium upon a mixture of ethyl iodide and isobutyl iodide, and has

^ TIio names of these tliree aeicls are derived from capra the goat, as they Avere first

found in butter from goat’s milk, and also because they possess the peculiar smell of

the goat.
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therefore been called ethyl-isobutyl. It boils at 62°. No derivatives

have been obtained directly from this hydrocarbon, but there exists a

hexyl alcohol in the fusel-oil from the marc of grapes, which most

probably has a similar constitution as amyl alcohol, and appears

to be a derivative of dimethyl-propylmetbane. This isobexyl alcohol

boils at 151°.

By acting with caustic potash on isocapronitrile (amyl cyanide)

isocaproic acid (0113)203115.00211 is formed, wbicli for a long time

was believed to be identical with the normal caproic acid
;

it has

similar properties, but boils at 199°.

Dimethyl-propyl Carhinol OH3 yOOH.—This tertiary alcohol is

C3HJ
formed by the action of zinc metliyl upon butyryl chloride

;
it is a

thick colourless liquid, boiling at 115°. Another tertiary hexyl alco-

CH )

bol, methyl-diethyl carhinol /p -rf \ f
OOH, resembling the latter, and

^^2
^5/2 )

boiling at 120°, has been prepared from zinc ethyl and acetyl chloride.

(3) DEEIVATIVES OF TETRAMETHYL-ETHANE.

Tetramethyl-cthane or Di-isopropyl 02H2(0H3)^ is formed by acting

with sodium upon secondary propyl iodide in presence of ether. It

boils at 58°
;

its derivatives have been so far little studied.

Dimethyl-isopropyl Ccerhinol
|
COH is prepared by acting

with zinc-methyl on isobutyryl chloride. It is a liquid boiling at

112° and solidifying at — 35° to slender silky needles. Like other

tertiary alcohols it smells like camphor
;
chromic acid solution

oxidizes it to dimethyl ketone.

CH 1
Mcthylisopropyl-acetic Acid

^ qj| |
CH.COgH.—The nitrile of

this acid has been produced by heating secondary amyl iodide with
potassium cyanide. The free acid does not smell so unpleasantly as

the other caproic acids, from which it also differs by the solubility

and crystalline form of its salts.

A fourth isomeric caproic acid, diethyl-acetic acid (C2ll5)2CH.CO.OH,
is formed by acting with ethyl iodide upon disodacetic ether

;
this acid

must be considered as a derivative of the same unknown hydrocarbon
from which methyl-diethyl carhinol is theoretically derived.

Trimethyl-ethylmcthane C -[ Peen obtained by acting

With zme-ethyl on tertiary butyl iodide as a liquid boiling between
43° and 48°.
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HEPTYL GROUP.

We know four isomeric livdrocarLoiis of tlie formula. C..II 1 ., viz. :

—

Heptane.

Cll,

I

CII.,

I

CII,

CM,
1

CM,
I

CH,

CH,

Hinietliyl-butylincthaiie Dimethyl-
or Ethyl-amyl. diethyhiietiiane.

CII3 CII3

\/
CM

CM.,

I

CM,
I

CM,
I

CM,

CM,

CIL

CM3—C—CH3

CH,
I

CH,

Triethyl-methane.

CH3
I

CH,

CH—CH,-CIl3

I

CH,
I

CH,

Heptane occurs in Pennsylvania petroleum and in the coal tars

containing other paraffins. Pure heptane is also obtained by distil-

ling azela'ic acid C^H^^
j CO^H

caustic baryta; it boils at 100°-5.

Ethyl-amyl is formed by acting on a mixture of the bromides or

iodides of ethyl and amyl with sodium
;

it boils at 91°. The third of

these paraffins has been prejmred by the action of zinc-ethyl upon
])i'opidene dichloride (CHg^gCCl, (see tetramethyl-methane)

;
it boils

at 86°. Triethyl-methane is produced by the action of zinc-ethyl and

sodium on ethyl orthoformate (see page 118) ;
it boils at 96°.

By acting on these paraffins with chlorine different lieptyl chlorides

are produced, from which alcohols and other derivatives have been

obtained. Tims heptane yields a primary lieptyl alcohol boiling at

about 175°, and a secondary boiling at 160°.

Glnanthyl Aldehyde or (Enanthol C-H^^O is formed by oxidizing

primary heptyl alcoliol, and may be obtained in quantity by subject-

ing castor-oil to destructive distillation. It is a colourless liquid,

having a pungent smell and boiling at 154°
;
like other aldehydes it

fornis' crystalline compounds with the acid sulphites of the alkali-

metals.
C II 0 )

(EnanihyUc Acid
|
0, or heptylic acid, is prepared by oxi-

dizing ocnanthol with dilute chromic acid. It is an oily liquid, having

a faint, sour smell, and boiling at 223°. An isomeric acid has been

obtained by treating sodacetic ether with amyl iodide.

CH ~1 •

"

Mcthyl-pcntyl Ketone
^

j^CO is formed by the oxidation of
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secondary heptyl alcohol; it boils at 132° and yields on further

oxidation acetic acid and pentylic acid,

IsohepUjl Akohol (CH3)2C5Hg.OH has been obtained, together witli

CH )
methyl-amyl carhinol x p CH.OH, from ethyl-amyl. Tlie

primary alcohol boils at 165°, and yields on oxidation isoheptylic acid

(CH3)2C^lly.C02H, an oily liquid boiling at 212°. The secondary

alcohol boils at 146°.

Methyl-amyl Ketone
\ n ' CO is a limpid liquid boiling at

144°, which has been produced by the action of zinc-methyl on iso-

caproyl chloride, as well as that of zinc-amyl on acetyl chloride, and
is also formed by oxidizing methyl-amyl carbinol.

Triethyl Carhinol C(C2H5)30H.—This tertiary heptyl alcohol is

produced by the action of zinc-ethyl on propionyl chloride. It is a

colourless liquid, boiling at 142° and smelling like camphor. Chromic
acid solution oxidizes it to methyl-diethyl-ethene (02115)2.0 = C.CIT3,

which by further oxidation is resolved into acetic acid and propionic

acid.

OCTYL GPvOUP.

OH 1
Normal Octyl Alcohol ®

pj r 0-—The essential oil of the .seeds of

cow’s parsnip {Heracleum ISjwndylium) contains a large quantity of

octyl acetate and some octyl caproate, and the oil of the common
parsnip consists chiefly of octyl butyrate. The acetate is a mobile
liquid, smelling like oranges and boiling at 207°. On heating these

ethers with an alcoholic solution of caustic potash, octyl alcohol is

obtained, a colourless liquid, insoluble in water, boiling at 195°, and
possessing a strong aromatic smell. On saturating it Avith hydro-

chloric acid gas and heating the mixture, octyl chloride CgHj^-Cl is

formed, a liquid boiling at 180°, and possessing a faint odour. Octyl

iodide Cgll^-I boils at 221°
;

it is obtained by adding iodine gradually

to a mixture of the alcohol with amorphous phosphorus, and distilling.

By acting on the iodide with zinc and hydrochloric acid, octane CgH^g
is formed

;
it is also obtained by the action of sodium upon butyl

iodide, and occurs in American petroleum. It boils at 124°.

By treating the alcohol AAuth a solution of potassium dichromate
in dilute sulphuric acid, octylic acid CgH^p^, is formed, a crystalline

mass, melting at 17° and boiling at 233°. It has a sharp rancid

taste and a faint smell, Avliich on heating becomes pungent and
sudorific. An acid having the same composition and great resem-

blance to nonylic acid is caprylie acid, Avhich occurs in butter and
other fats

;
it melts at 14", and boils between 236° and 240°. Ethyl

octylate j" is formed by adding sulphuric acid to a solution
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of octylic acid in ethyl alcohol
;

it boils at 205° and smells like pine-

apples. Ethyl caprylate is a similar liquid, boiling at 214°.

'i CH )
Secondary Octyl Alcohol or Methyl-hexyl Carhinol

q
> CII.OH,

formerly called capryl alcohol, is produced by distilling castor-oil

soap with caustic soda. Castor-oil contains ricinoleic acid, which by
alkalis is decomposed into the alcohol and sebacic acid :

—

C,3113,03 -h 2Na011 = -f -f ll^

The distillate contains besides the secondary alcohol other pro-

ducts; it is repeatedly rectified over caustic soda and then subjected

to fractional distillation. Methyl-hexyl carhinol is a colourless oily

liquid, possessing an aromatic smell, and boiling at 181°. By a
dilute solution of chromic acid it is oxidized to methyl-hexyl ketone
ClI ) .

C H (

^ liquid boiling at 171°. This ketone is sometimes

formed as a by-product in the preparation of the alcohol. Secondary
octyl chloride CgH^^Cl smells like oranges and boils at 173°. The
iodide boils at 212°, and yields by the action of nascent hydrogen
normal octane.

NONYL GROUP.

This group has been so far very little studied. Eelargonic acid,

CgHjgOg occurs in the essential oil of Pelargonium roseum, and is

also formed by oxidizing methyl-nonyl ketone, the chief constituent of

oil of rue. This acid lias a faint, rancid odour
;

it melts at 18° and
boils at 250°.

C II 0 1
Nonylic Acid ^

|
0.—This acid, which has great resemblance

to pelargonic acid, has been prepared by heating octyl iodide with

potassium cyanide and decomposing the nitrile thus formed with

caustic potash. It fuses at 12° and boils at 254°.

UECATYL GROUP.

Diamyl, or Tctramcthyl Jlcxanc C(;H,q{CII3)4 is obtained by decom-
posing amyl iodide with sodium

;
it is a colourless mobile liquid,

boiling at 158°. On acting on it with chlorine decatyl chloride is

formed, which, when heatetl with potassium acetate and acetic acid,

yields the acetate, a liquid possessing a pleasant smell like oranges.

C II 1 .

On decomposing it with an alkali, decatyl alcohol
|
q is ob-

tained, an oily liquid boiling at .about 210°—215°, and smelling like
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the flowers of Daphne oclorata. It is most probable that these bodies

are mixtures of primary and secondary decatyl compounds.
OHO)

Capric Acid
|
0 occurs in different fats and in fusel-oil.

It is a crystalline solid, fusing at 30°, boiling at 270°, and possessing

a faint, goat-like smell.

The so-called cenanthic ether, which is found in different kinds of

wine, and which is the cause of the peculiar odour which all wines

have in common, contains ethyl caprate besides ethyl caprylate, and

probably other compound ethers in varying quantities.

HENDECATYL GROUP.

CH.OH,—This secondary alcohol
CH )

Methyl-nonyl Carbinol p -rr I

.
9^19 3

.

has been prepared by acting with sodium on an alcoholic solution

of methyl-nonyl ketone. It is a thick, colourless liquid, boiling at

229°. By acting on it with bromine and phosphorus the bromide
CiiHggBr is formed, which on distillation splits up into hydrobromic
acid and hendecatene C 11

H
22 ,

a liquid boiling at 200°.

Methyl-nonyl Ketone p I CO forms the chief constituent of oil

of rue, Ruta graveolens. It has been also obtained synthetically by
distilling a mixture of calcium acetate and caprate. It is a colour-

less liquid, boiling at 225° and possessing an aromatic odour.

CETYL GROUP.

C H I
Cetyl Alcohol

p£
r 0,—Spermaceti consists principally of cetyl

palmitate
;
on heating it with an alcoholic potash solution cetyl

alcohol is obtained, which forms small white crystals, melting at 50°

and volatiliziug at a high temperature without decomposition. It is

insoluble in water, but readily soluble in alcohol and ether. By
heating it with iodine and phosphorus, cetyl iodide is formed, a white
crystalline mass, melting at 22° and decomposing at a higher tempe-
rature. By acting with sodium on fused cetyl alcohol, sodium cetylate

C H )

^^Na j

^ formed
;
the latter, when heated with cetyl iodide, yields

C H )
dicetyl ether I 0, which crystallizes in shining plates melting

'^16^33 3 . .

at 5,5°. On passing ammonia into fused cetyl iodide, trieetylamine
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(^16^^33)3^ is formed, crystallizing in white needles. Its salts are

insoluble in water, l)ut they dissolve in alcohol.

By heating cetyl alcohol witli dilute sulphuric acid and potassium
dichromate, C^^jIl^oO is formed, a white crystalline

solid, melting at 52°, and yielding on further oxidation palmitic acid,

which is also formed by heating cetyl alcohol with soda lime:

—

Ci(.ll3,0 + NaOlI = Cicll3iNa02 + 211^0

This acid, which is found in a great many fats, will be described in

the next chapter.

SOLID FATTY ACIDS.

Those fatty acids containing more than ten atoms of carbon are

solid bodies, whicli on distillation undergo partial decomposition.

They occur, together with lower members of the series, in different

vegetable and animal fats, as compound etliers of the triad radical

propenyl OgHg. By boiling a fat or oil with caustic potash or soda,

soaps are formed, which consist of the potassium salts (soft soap), or

sodium salts (hard soap) of fatty acids. Tliey are soluble in water,

whilst most other salts of the solid fatty acids are insoluble in

water.

As all fats contain a mixture of several fatty acids, and as such

mixtures are often formed in the oxidation of complex organic

compounds as well as by different processes of fermentation, and by
])utrefaction, it is of iinportance to be acquainted with the method
employed to separate the different constituents from such a mixture.

Fatty acids which volatilize without decomposition are separated

hj 2^cirtial neutralization. By adding an alkali to such a mixture,

the acid containing the least number of carbon atoms, being the

stronger, is lirst neutralized. Thus when to a mixture of butyric acid

and valerianic acid a quantity of soda is added which is insutiicient

to neutralize the acids, and the liquid is subjected to distillation, either

pure valerianic acid passes over, or the residue consists of pure

sodium butyrate, according to the jiroportions of the two acids

present.

In the former case all the butyric acid, together with some of the

valerianic acid, is found in the residue. By adding gradually dilute

sulphuric acid, all the valerianic acid is set free before any of the

butyrate is decomposed.

In the second case all the valerianic acid and some butyric is con-

tained in the distillate
;
from which by partial neutralization and

redistillation pure valerianic can be obtained. It will be easily under-

stood that by repeating these operations, two or even more volatile

fatty acids can be conqffetely separated.
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Solid fatty acids may be separated from each other by fractional

p'ecipitation. The mixture is dissolved in spirits of wine, and an

alcoholic solution of lead acetate or magnesium acetate is added in

small quantities, by which the acids having the highest molecular

weight are first precipitated. To the filtrate again a small quantity

of the lead or magnesium salt is added, and this operation repeated

until all the acids are precipitated. The different pi'ecipitates are

decomposed with hydrochloric acid, and if necessary again treated in

the same way until pure acids are obtained. The purity of an acid

thus separated is easily recognized by subjecting it again to fractional

precipitation
;
when pure, the first precipitate yields an acid having

the same composition and melting-point as that obtained from the

last precipitate.

Pure acids melt and solidify at the same temperature, whilst the

melting-point of a mixture is not only always lower than that of the

most fusible constituent, but the temperature at which it again

solidities is always lower than that at which it melts. Thus the

melting-point of stearic acid is 69‘2°, and that of palmitic acid 62°,

whilst a mixture consisting of 30 parts of stearic acid and 70 parts

of palmitic acid melts at 55°T, and solidifies again at 54°.

Laurie Acid C^.2H.2^0 occurs in the fat contained in the berries of

the bay-tree {Laurus nohilis), in pichurim beans, and also in cocoa-nut

oil. It forms white needles melting at 43°‘6.

Myristic Acid C;^4lI2802 is found in nutmeg butterj in spermaceti,

and other fats. It crystallizes in white needles melting at 63°'8.

Pcdmitic Acid 0^^113202 is one of the chief constituents of the
different kinds of tallow, of spermaceti, palm oil, olive oil, and a
great number of other fats. It is best obtained from palm-oil soap, a

mixture of sodium palmitate and stearate, by dissolving it in alcohol

and separating the acids by fractional precipitation.

Palmitic acid crystallizes in shining scales and melts at 62°.

Margaric Acid 0^-413^02-—This name was originally given to an
acid supposed to exist in several fats, but it has since been shown
that the so-called margaric acid is only a mixture of palmitic and
stearic acids. Margaric acid does not appear to exist in natural

I'ats, but has been produced artificially by heating cetyl iodide

with potassium cyanide, and decomposing the margaronitrilc thus
formed with alcoholic potash. It has great resemblance to palmitic
acid.

Stearic Acid C2gH3g02 occurs, together with palmitic acid and other
acids, in suet, tallow, cocoa-nut oil, cocoa butter, in human fat, in

the fat of the goose, &c. &c. It is easily obtained from tallow-soap

by dissolving it in six parts of hot water, and adding to the solution
40—50 parts of cold water. A mixture of acid sodium stearate and
])almitate separates in shining scales. On crystallizing this mixture
from hot alcohol the stearate separates first, and may be purified by
recrystallization. On decomposing this salt hy liydrochloric acid,

and reciystallizing the acid from hot alcola 1 it i.? ol'taiiied in nacreoia^
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needles or laminie, melting at 69°‘2, and solidifying to a crystalline

scaly mass.

The stearin-candles consist of a mixture of stearic and palmitic

acids.

Arachidic Acid CgoH^^O., occurs in the fat of the earth-nut {Arachis

hypogma), and hchcnic acid in the oil from the Iruits of

Moringa nux Bchen. Hya:nic acid C25H50O2 was found in the fat

from the glauds of a diseased striated liyajiia.

CHINESE WAX AND BEES -WAX.

Chinese wax, the product of an insect {Coccus cerifenis), is a

white crystalline substance resembling spermaceti, and consisting

C II )
almost entirely of ccryl cerotatc p, ?? [ 0. By saponifying it

with solid caustic potash, dissolving the soap in hot water, and
adding barium chloride, a mixture of ceryl alcohol and barium
cerotate is precipitated, which may be separated by exhausting
the dry precipitate with hot alcohol, in which the barium salt is

CHI
insoluble. Ccryl cdcohol 27

^ |
q jg ^ white crystalline substance,

melting at 79°, and distilling at a high temperature with partial

decomposition into water and ccrotcnc C
27
Hg^. AVhen ceryl alcohol

is heated with caustic potash, it is oxidized to cerotic acid :

—

C27^^^5 I 0 + KOII = ^27^^53^^

I
0 -H II

2

Ccrotic Acid C
2
-II

54
O is also found in the free state in bees’-wax,

and may be extracted from it with boiling alcohol. It forms crystal-

line grains melting at 78°.

The portion of bees’-wax insoluble in alcohol consists of myricyl

CHI
palmitatc

^ Q o |

heating it with alcoholic potash, and dis-

solving the residue left on the evaporation of the alcohol in hot water,

and adding dilute hydrochloric acid, a mixture of myricyl alcohol

and palmitic acid is precipitated. To separate them they are dis-

solved in hot alcohol
;
on cooling myricyl alcohol

|
0 separates

in silky crystals, melting at 80°. By heating this alcohol with soda-

lime it is oxidized to melissic acid CggHgoO, a body bearing great

resemblance to cerotic acid, but melting at 80°. Melissic acid has

not been found in nature.
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COMPOUNDS OF DYAD PtADICALS.

DYAD ALCOHOL-RADICALS.

By depriving the paralliiis of two atoms of hydrogen a series of

hydrocarbons is obtained having the general formula C„H2n> fo which
the name the Olefines has been given (from olefiant gas, an old name
of ethene, the first hydrocarbon of the series). The names of the

olefines are derived from those of the paraffins by changing the final

-ane into -ene :

—

Ethane . . CgHg Ethene . . C2H4
Propane . . CgHg Propene . . CgHg

A general method of obtaining olefines consists in the abstraction

of the elements of water from the monad alcohols. This may be
effected by means of sulphuric acid, zinc chloride, and otlier dehydrat-

ing agents :

—

CgHgO - HgO =
C5H12O - HgO =

Olefines are also produced by heating the haloid compounds of

monad alcohol radicals with a solution of caustic potash in spirits

of wine ;

—

CgH^gCl + KOH = + H2O + KCl

Of other reactions by which olefines are formed the following may
be mentioned.

By acting on the iodides of the monad alcohol radicals with
nascent hydrogen, or with sodium or zinc, not only are paraffins

formed, but also olefines in smaller quantities. Thus Avhen ethyl

iodide is heated with zinc, not only is butane formed but also ethane

and ethene

:

—
2 C.,-Rfi + Zn = CgHg -H Cfil, -t- Znig

By the action of zinc and hydrochloric acid upon secondary hexyl
iodide, hexane CgH^^ is formed as the chief product, but at the same
time some hexene CgH^2 ^^^^1 some dihexyl Cj2H2g are produced :

—

(1) CgH^gl + PI
2 = CgH,, + IH

(2 )
2CgH,3l + Zn = CgH,, + CgPT,2 + Znl2

(
3 ) 2CgTI,3l + Zn = C,2TT2

o + Z11I2

* Formerly tlioy were designated Fy names deriveil from those of tlie monad alcohol

radicals by the addition of -ene ; tlius ethene is siill freL|nently called ethylene, Lc.
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Oleiiiies may also be produced by synthesis. Thus ]jcntenc CgHjo
has been obtained by the action of zinc-ethyl upon allyl iodide

C3HJ
(C,H,),Zn + 2C3H,I = -h Znl,

By heating monobromethene with zinc-ethyl, butene, C^Hg is pro-

duced :

—

2(C2H3Br) -f (C2ll3)2Zn = 2C,Hg + ZnBr2

Olefines also occur amongst the products of destructive distillation

of many organic bodies, and are found therefore in coal-tar, wood-
tar, &c.

In their physical properties the olefines have great resemblance to

the parallins. The lowest members of the series are gaseous at the

ordinary temperature; most of the others are liquids having a faint

ethereal and garlic-like smell
;
and the highest members consist of

crystalline solids.

The olefines contain two carbon atoms linked togetlier by tv\-o

combining units of each atom. The number of isomcrides which
according to tlieory may exist is larger than that of the paraffins, as

the double linking of two carbon atoms can take place between
different atoms in the carbon chain. Thus we know only two
hydrocarbons but three having the formula C^lTg ;

—

CIl2=CH—CH2—CH3

CHg—CH=CH—CHg

CH2=C/cn\CH
3

3

The most characteristic property of the olefines is that they com-
bine directly with one molecule of another element or compound, as

with the hydracids of the chlorine group, ethene and hydriodic acid

yielding ethyl iodide :

—

cn,
II +
0112

H) _
Ij

"
OIL
I

CH2I

The olefines containing more than two atoms of carbon yield by
this reaction secondary or tertiary compounds :

—
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CH3 CII3

\/
C
li

CIT.,

CHg CH

Cl

3

()lefines combine also with concentrated sulphuric acid :

—

CoH, + ]\ }
SO, = ^A

I
SO,

OIL

I inCH + it i SO,

II

CHg

The haloid ethers of the dyad radicals are very readily produced
by the direct union of the olefines with the elements of the chlorine

group
C^H, + Cl, = C,H,Cl2
C3H3 + Br; = C;H,Br2

_ (CH3)2CII
H }

SO,

Besides these addition-products there exist also isomeric compounds,
formed by substitution of hydrogen or oxygen in saturated compounds.
Thus by acting with chlorine on ethane we obtain as the second
product of substitution dichlorethane or ethidene dicliloride, which is

an isomeride of ethene dichloride, and has also been produced by the

action of phosphorus pentachloride on aldehyde. The constitution of

these two isomerides is explained by their mode of formation ;

—

Ethene Dichloride.

CH, CH.,C1

II

“ + CI
.3 = I

CII2 CH2CI

Ethidene Dichloride.

CII
3

CH„

1
-h PCI3 = I

''

+ POC13
CHO CHCl,

Propidene dichloride, an isomeride of propene dichloride, is pro-

duced by treating acetone with phosphorus pentachloride :

—

Propene Dichloride. Propidene Dichloride.

CTL CH„
I I

CHCT CCl,

I I

“

CH
2
CI CII

3

The olefines also combine with hypochlorous and hypobromous
C

'

N
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acids, forming compounds Avlncli at the same time are haloid ethers

and alcohols :

—

Ethene C'liloiliyilratc.

CH., CIi.,Cl

II

“ + ClOH =
I

CH, CH2.OIT

The alcohols of the dyad radicals, called glycoh (on account of their

su'eet taste), are ju’oduced by reactions quite analogous to those by
^vhich the monad alcohols are obtained from their haloid ethers.

Thus ctb.cne iodide yields with silver acetate, ethene diacetate:

—

C,M,|
J
+ 2Ag0.aH,0 =

OCVHjO ^
H3O +oc;

2AgT

Alkalis decompose this acetate, ethene alcohol or common glycol

being formed :

—

Q II J OC.JTgO
I

i>g^
f
OH _ Q II

OC2H3O + OH ” ^2^14
OH

j
OC.3H3O

OH + \ OC2H3O

The reaction of the glycols are for the most part similar to those of

the alcohols of monad radicals, but inasmuch as the former contain

two hydroxyls, the reactions generally take place in two stages, and
yield two series of compounds :

—

Ethene Clilorh}”drate.

C H I

Ethene IMonacetate.

0 II^2^0
[ OC2II3O

iSocliuin Ethenate.

(J II /^2^0
[
oHa

Ethyl Ethenate.

cjr f OH
2
^^
4(002113

Kthcne Oxyhydrosulphidc,

C IT ^

Ethene Dichloride.

OH
I 01

Ethene Diacetate.

(.Ij f
0C 2

li30
^2^0

\ OCglfgO

Disodiuin Ethenate.

OXa
^2^^4| OXa

Diethyl Ethenate.

0 H ^ ^^^2^ ^5
^2^0

(
OC2H3

Ethene Dihydrosulphide.

^2^0
1 SH

'Hie two hydroxyls may also be replaced by one atom of a dyad
clement or a dyad radical

;
rvliilst the olefines can, like the monad

radicals, substitute hydrogen in ammonia, &c. :

—

Ethene Oxide. Ethenediaminc. Triethenediaminc.

C2IT

C^H
C2II

4

4

4

X
X
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The following table contains the olefines and glycols which have

been best examined :

—

Olefines.

Ethene . . Co
Propene . . C3

Isobutene 1 tt

Butene . j
^

Amylene
. ] p tt

Pentene . j
“

Hexene . .

Heptene . . C7 11
,^^

Octene . . Cg
Dianiylene . C^qHoo
lleiidecadene C^^H.^o

Cetene . . Cj^Hgo

Cerotene . . C.27115^

Melene . .

Boiling-

point.

- 7°

+ 3

35
40
70

100
125
158
200
275

Glycols,

Ethene Glycol

Propene „
Isobutene „

o,ih O2

Cgllg 0.2

C,H,o02

Boiling-

point.

197°-5

188
183

Amylene ))
C,11,20.2 177

Hexene CgII„02 207

Octene >> Cgll^gOg 237

The boiling-points of the first four glycols become lower as the

molecular weight increases. This apparent anomaly is easily explained

by the different constitution of these bodies
;
ethene glycol being

a primary alcohol, while the others are primary as well as secondary

or tertiary compounds :

—

Ethene Glycol.

CIE.OH
Propene Glycol.

CII3

CH,.OH cn.OH

Isohntene Glycol.

CIL CHg
\/
C.OH

CH2.OII CH2.OH

MONOBASIC ACIDS OF THE SERIES CJTsnOa.

These acids are derived from the glycols by replacing in the latter

two atoms of hydrogen by one of oxygen, and may be produced by
the slow oxidation of glycols :

—

Glycollie Acul.

CII
2
.OII CH2.0II

1

+ G., =
I

H.,0

CII.
3
.OII

“ CO.OH

CTT.,

Lactic Aciil,

CIL

I

'
I

'

CH.OH -I- 0., = CH.Oir

C 1I
2

.0 I 1

ILO

N 2

CO.OH
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They are also formed by replacing in a fatty acid one atom of

hydrogen by one of hydroxyl. Q'liis can be easily effected by the

action of alkalis or silver oxide and water on the inonobromiiiated

or chlorinated fatty acids
;
thus monochloracetic acid yields glycollic

or oxacetic acid, and monobroinopropionic acid is converted into

lactic or oxypropionic acid :

—

CIUCl CH,.OII

I

“ + KOH =
I

“ + KCl
CO.OII CO.OH

CH3 CII3

I I

CIIBr + KOH = CH.OH + KCl

I I

CO.OII CO.OII

On the other band, by treating glycollic or lactic acid with
hydrocbloric or liydrobromic acids they are again converted into the

corresponding substituted fatty acids. Ilydriodic acid acts in a
similar way, but the moniodo-acids thus formed are readil)’- further

acted upon by the hydriodic acid, and reduced to a fatty acid. Lactic

acid can thus be easily converted into propionic acid :

—

(
1 ) C3

H
5 (
0H)02 + hi = C

3
II

3
IO

3 + H^O

(2) C3H,I03 +HT = C3HA +1-2

The acids of the glycollic series being at the same time monobesic
acids and monad alcohols, form different kinds of haloid and other

ethers, of amides, &c.

Thus monochloropropionic acid must be regarded as an alcoholic

chloride
;
by acting on it with ammonia, we obtain amidopropionie

acid or alanine, which being an amine combines with acids, but at

the same time, as a monobasic acid, it forms also metallic salts.

By heating lactic acid with absolute alcohol we get ethyl lactate, a

neutral volatile liquid, which is readily acted upon by sodium like other

alcohols, the hydrogen of the hydroxyl being replaced by the metal.

Ethyl iodide converts this sodium-compound into diethyl lactate,

which by alkalis is resolved into ethyl alcohol and a salt of cthyl-

lactic acid, an isomeride of ethyl lactate, from which it, however,
differs by being as powerful an acid as lactic acid itself. Ammonia
converts diethyl lactate into lactamidc, a neutral body, which is

isomeric with alanine. "When a metallic lactate is treated with
phosphorus pentachloride, it yields lactyl chloride, a body having the

character of an alcoholic chloride as well as that of an acid chloride,

and being therefore resolved by water into hydrochloric acid and
monochloropropionic acid.

The following formulae explain the constitution of these diflerent

compounds :

—
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Lactic Acid.

CH3
1

Chloropropiouic Acid.

CH3
Lactyl Chloride.

CH3
1

CHCl
1

CH.OH
1

1

CHCl

1

CO.OH
1

CO.OH
j

COCl

Ethyl Lactate.

CH3
Ethyllactic Acid.

CH3
Diethyl Lactate.

CH3

I

CH.OH
1

CH.OC2H3
j

CII.OC2H5

j

CO.OC2H,
1

CO.OH
1

CO.OC2H,

Lactainide.

CH3
Alanine.

CH3
Lactyldiamide.

CH3

j

CH.OH
j

CH.NH,
j

CH.NIT2

j

CO.NIC
1

CO.OH
J

CO.NH2

The acids of this group can be obtained synthetically by heating

an aldehyde with hydrocyanic acid and dilute hydrochloric acid
;

acetaldehyde yielding lactic acid ;

—

CH3
CH3

I

1
+ HCN -f HCl + 2H2O = CH.OH + NH,C1

CHO
I

CO.OH

Many acids of this series are known in several isomeric modifica-

tions
;
the cause of the isomerism being either a different grouping of

the carbon atoms, or the alcoholic hydroxyl occupying another posi-

tion. Thus we know three oxybutyric acids :

—

a Oxybiityi’ic Acid. ^ Oxybutyric Acid. Oxy-isobutyric Acid.

CH3 CH3
1

CH„ CIT„

1

\/
CH2 CH.OH COH

j

CH.OH
1

CH2
1

CO.OH
j

CO.OH
j

CO.OH

Oxy-isobutyric acid is not only obtained by the action of moist
silver oxide on monobromisobutyric acid, but has also been produced

CO-OH
by replacing in oxalic acid

\

one atom of oxygen by two of

CO-OH
methyl. This is done by heating methyl oxalate with zinc-methyl.
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]>y employing tlie ziiic-compoiincls of other alcohol-radicals, a great

cii(cjr„ + 0,011
mimher of such isolactic acids

|

have been

coon
prepared.

d'he acids of the lactic series 'svliich have so far been described ai'e

secondary alcohols with tlie exception of glycollic acid, which is a

primary alcohol. An acid having a similar constitution is cihciic-

ladic acid, which has been produced by heating ethene chlorhydrate

with potassium cyanide, and decomposing the nitrile thus formed
with caustic potash :

—

CN OO.OK
I I

CH, + KOH + ILO = CM., + KIJ.

I I

CIIyOH CH,.On

Ethene-lactic acid corresponds to primary propyl alcohol and yields

l)y oxidation bibasic nudonic acid, whilst common or ctliidcnc-lactic

acid, which corresponds to secondary propyl alcohol, is resolved by
oxidizing agents into acetic acid and carbon dioxide.

Glycollic acid and the two lactic acids occur in nature.

BIBASIC ACIDS OF THE SEETES CnH2„_204.

Oxalic Acid C.,H, 0
,

Suberic Acid .

Malonic >> O3H; 0, Azelaic „

Succinic iy
Sebacic „

Desoxygliutanic „ 0>

00
Q Brassic „ . C'nH.3oO,

Adipic C0H10O4 Bocellic „ • C,
7
ll320 ,

I’iinclic yy 0711,20,

'I'lie acids of this group are bibasic, containing the group carboxyl

twice
;
they stand in the same relation to primary glycols as the fatty

acids to the monad primary alcohols :

—

hithyl Alcohol

Acetic Acid

cir,

I

0112.011

oils

CO.OII

C112.0H
Ethene Alcohol

|

0112.011

OO.OH
Oxalic Acid

|

OO.OH

It has already been mentioned that with the exception of ethene

glycol other primary glycols arc hardly hnown. On oxidizing ethene

glycol it first yields monobasic glycollic acid, which by further
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oxidation is converted into oxalic acid. The second acid of the series,

malonic acid, is formed Ly oxidizing ethene-lactic acid, which lias

to be regarded as the first oxidation-product of primary propene glycol.

All acids of this series with the exception of oxalic acid contain

an olefine combined with two carboxyls. This is shown not only

l)y the different modes of formation of these acids, but also by many
of their decompositions.

When etliene bibroniide is heated with potassium cyanide the

nitrile of succinic acid is formed, and this compound, by the action

of caustic potash, yields the latter acid :

—

CN CO.OH
I I

C.,H, -[- 4H,0 = G.,H, 2NH3

CN CO.OH

When a galvanic current is passed through a solution of potassium
succinate, the acid is decomposed into ethene, carbon dioxide and
hydrogen :

—

CO.OH
I

C.,H, = C.,H, + 2CO
3 + 11,

CO.OH

The chlorine in chloracetic acid may be replaced by cyanogen,

and thus cyanacetic acid is formed, a componnd being a monobasic
acid as well as a nitrile, and yielding malonic acid hy the action

of alkalis :

—

CN CO.OH
I I

CH, -p 2H,0 = CH, + NH.,

1

“
"

I

“

CO.OH ' CO.OH

a Cyanop'opionic acid is converted by the same reaction into

isosuccinic acid :

—

CTL CH.,

I I

CH—CN + 2H,0 = CH—CO.OH + NK.
I “I
CO.OH CO.OH

Ily b.eating, a iodo'pro]}ionic add with finely divided silver^ adi}>iv

<'.cid is formed :

—

^ The finely divided silver, or silver-dust, which i.s employed for many similar

synthetical reactions, is xii’cparcd by precipitating a cold dilate solution witli hydru-
ehloiic acid, and redneing the silver chloride with zinc. The xirodnet is washed with
dilute hydrochloric acid and water, and dried at a gentle heat. It forms a very fine

dark powder, without metallic lustre.
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CO.OH CO.OH

CH.,

1

1

CII2

1

CH2I CH,
+ Ag2 =

1

CH.,I CH,
1

OH,
1

"

1

CH.,

1

CO.OH CO.OH

By the same reaction, /3 broniopropionic acid is converted into

dimcihyl-snccinic acid :

—

CO.OH
I

CH.CHg
Br

Br
ClICH,

I

CO.OH

CO.OII

I

CH.CII3
+ Ag2 =

I
+ 2AgI

Cll.CIL

I

CO.OH

Many of the acids belonging to this group are formed by the

oxidation of fats and other bodies. Three of them occur in nature,

viz. oxalic acid, succinic acid, and rocellic acid.

ETHENE COMPOUNDS.

ETIIENE CgH^.

This hydrocarbon is formed, together with many other products,

by the destructive distillation of organic bodies, as fats, resins,

wood, coal, &c. To obtain pure ethene a mixture of one volume of

strong alcohol and 3—4 volumes of concentrated sulplmric acid is

gently heated, and the gas washed witli concentrated sulphuric acid

and a solution of caustic soda, in order to free it from the vapours
of alcohol and ether, and from carbon dioxide and sulphur dioxide,

which two gases arc always formed towards the end of the reaction.

Ethene is a colourless gas having a peculiar faint and suffocating

odour. It condenses at - 110° to a liquid; it is very inllanimabk%

ljurning with a bright luminous llame.

It was formerly called (/as, because it combines with chlorine

to form ethene dichloride, an oily liquid. Ethene also combines
readily with bromine, but more ditlicultly with iodine. The concen-
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trated hydracids of these elements also combine with ethene, forming

haloid ethers of ethyl. By shaking it with concentrated sulphuric

acid it is dissolved, ethylsulphuric acid being formed. Aqueous
hypochlorous and hypobromous acids also absorb the gas slowly.

When ethene is passed into a solution of platinum dichloride and

hydrochloric acid, the compound C
2
H^PtCl

2
is formed, remaining on

evaporation as a brown gum-like mass. Nihene-2)lutinum chloride

combines with bases and the chlorides of the alkali-metals, form-

ing crystallized compounds. Totas&ium- cihoic - ‘platinum chloride

OolI^I’tCl^.KCl + H 2
O crystallizes in large lemon-yellow plates.

Ethene Diehloride C.,II^Cl
2

.—Ethene was discovered in the year 1795

by four Dutch chemists, who found that this gas readily combines

with chlorine, forming an oily liquid, which still is known by the

name of Duteh liquid.

To prepare ethene dichloride, equal volumes of ethene and
chlorine are passed into a large glass globe, provided at the lower

end with an open tubulus, through which the dichloride runs into a

flask. It may also be prepared by passing ethene into a mixture of

manganese dioxide, salt, and dilute sulphuric acid as long as the

gas is absorbed, and then distilling the dichloride off.

Ethene dichloride is also formed in quantity, together witli ethyl

chloride and dichlorethane, as a by-product in the manufacture of

chloral.

Ethene dichloride is a mobile, colourless liquid smelling like chloro-

form, and boiling at 85°
;
at 0° it has the specific gravity 1'271. When

it is heated with an alcoholic solution of potash it loses one molecule

of hydrochloric acid, and monochlorethene or vinyl chloride CgHgCl
escapes as a gas, which at — 18° condenses to a liquid. This compound
combines like ethene again with one molecule of chlorine, forming
rnonochlorethene diehloride C

2
H

3
CI.CI

2 , which is acted upon by alcoholic

potash with the formation of dichlorethene C
2
II

2
C].,. By repeating

this reaction the following substitution-products have been obtained :

—

On combining these chlorethenes with chlorine a series of com-
pounds are formed having the same composition as the chlorine sub-
stitution-products of ethene :

—

Boiling-point.

Monocliloretheiie C
2
H

3
CI . .

Dichlorethene C,H
2
Cl

2 .

Trichlorethene Cgll CI
3 . .

Tetrachlorethene CgCl^ . .

88
117

From Ethene. Boiling-point. From Ethane.

.
85° C

2
lI,Cl.,

. 115 ajigCi"

. 147 cyi2Ci,

. 158 CJI CL

. 182 0“C1,

Boiling-point.

127
158
182
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li'om this table it is seen that the three first derivatives of ethane
are isomeric ’with those of etheiie, the constitution of these bodies
being

—

From Ethene.

CH,C1

1

^

From Etliane.

CIL
1

^

CII2CI CIICI2

CH.,C1

1

CII3

1

CHCl, CCI3

CHCl., CH,C1

1

CIICI2
1

CCI3

But the compounds 4 and 5 are identical in both series, only one
formula being possible for each of them :

—

CHCl, CCI3

I

'
I

CCI3 CCI3

Ethenc Dibromide C2lI^Br2.—This compound forms the starting-

point for the preparation of most other ethene compounds. It is

most conveniently prepared by the following process. A AVinchester

quart bottle is filled with ethene
;
120 grams of bromine and the same

quantity of water are added, and the bottle is quickly closed with

a cork through wliicli a glass tube passes, open at botli ends, one of

which reaches to the bottom of the bottle whilst the other is con-

nected with a gasholder filled with ethene. On shaking the bottle

the ethene is absorbed, and as soon as all the bromine has combined,

more of it is added, and this process continued until a sullicient

quantity of the dibromide has been formed. The product is washed
with caustic soda, and dried by distilling it with sulphuric acid.

Ethene dibromide is a colourless liquid, having a sweetish smell

and taste, boiling at 129°, and solidifying at 0° to a crystalline mass.

AVhen heated with alcoholic potash it yields monobromethcnc ColIgBr,

a volatile liquid boiling at 24°, and combining with highly concentrated

hydrobromic acid to form ethene dibromide, whilst with a more dilute

acid it forms the isomeric cthidene bromide :

—

(1) CIT., . CII.,Br

II

' + I- - I

CHBr

(2) CIT2

Hj
CIl2Br

H

1

II + 1
=

I

CHBr ^ ^
^ CHBr2

Ethene Di-iodide 02lTjT2-—Ethene combines Avith iodine slowly at a
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gentle lieat, or when exposed to the light of the sun. This compound
can, however, he obtained in quantity by passing ethene into a mixture

of absolute alcoliol and iodine until the latter is dissolved. More
iodine is now added, and the gas passed again into the liquid, and the

same process repeated until a magma of crystals has been produced.

After the mother liquor has been drained off the crystals are washed
with alcohol.

Ethene di-iodide forms white needles, melting at 73°, and suhlimiug

with partial decomposition at 80°. A\dien exposed to the light it soon

assumes a brown colour. It possesses an ethereal odour, and its

vapour attacks the eyes and produces headache.

AVhen ethene is passed into iodine monochloride, ethene eliJoriodidc

0211^011 is formed, a liquid boiling at 140°.

Ethene Aleohol or Ethene Glyeol C,H^(OH)
2

.—I’o prepare this com-
pound, silver acetate is added to a mixture of ethene di-iodide and
glacial acetic acid

;
a violent reaction sets in and ethene diacetate

is formed, 02!!^
|

^ colourless liquid boiling at 187°. By

treating this ether with alkalis, ethene alcohol is produced. This com-
pound is more conveniently obtained by heating an alcoholic solution

of ethene dihromide with potassium acetate in closed vessels in a

water-bath :

—

^2114 [ Po’ + 1 0 + 2K0C,H..0
I Br H j

The ethene monacctatc thus formed is a colourless liquid boiling at

182°, smelling slightly of acetic acid, and soluble in water. To convert

it into the glycol the requisite quantity of powdered caustic potasli

or baryta is added, and the mixture distilled after standing for 12
hours.

Ethene alcohol has also been prepared by the action of moist sih^er

oxide on ethene chloriodide. It is a thick colourless liquid, dissolving

in water in all proportions, and possessing a sweet taste. It boils

at 197°'5, and has at 0° the si^ecific gravity 1125. Sodium dissolves

in it, with the evolution of hydrogen and formation of sodium eihenate

1 OXa
’
^ white crystalline mass which when heated witlr more

sodium to 190° yields disodium eihenate C,!!^
-j

By acting

with ethyl iodide on these compounds the ethyl ethers of ethene arc

formed. Ethyl ethenate
| qq pj_

i-S ^ liquid possessing an ethereal

odour and boiling at 127°‘5, and diethyl etheiude Cyi^
| OCMl^

^

similar body boiling at 123°‘5. AYhen glycol is acted upon by phos-
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pliorus pentacliloride it is converted into etliene dicliloride, and on

heating it with zinc chloride it yields acetaldehyde :

—

enroll CII
3

I

- H,0 =
I

enroll coH
I’y the action of concentrated hydriodic acid it is reduced to ethyl

iodide :

—

C 2
lI,(OH )2 + SHI = C

2
II

5
I + 2H,0 +

( Cl
Etlwnc Chlorhydratc or Ethene Chlorhydrin

-j qjj- is formed

hy shaking ethene with an acpieous solution of aqueous hypochlorous

acid, or hy heating glycol with hydrochloric acid :

—

OH
OH + C H

(
OH + H,0

It is a colourless liquid, miscible witli water, and boiling at 128°.

On heating it with potassium iodide it is converted into ethene iodu-

hydrate C.
2
H^(OH)I, a heavy liquid which is decomj)Osed on heating.

When sodium amalgam is added to an aqueous solution of etliene

chlorhydrate, ethyl alcohol is formed. Oxidizing agents convert the

chlorhydrate into monochloracetic acid.

Ethene Oxide CgH^O.—A solution of caustic potash acts violently

on ethene chlorhydrate, ethene oxide being formed :

—

CH,C1 CH,
I

" + KOII =
I

“ >0 + H^O + KCl
CH,OH CH.;

Ethene oxide is a liquid boiling at 13°‘5
;

it is miscible with water

and has basic properties. Thus it combines readily with acids :

—

C,H,0 + HCl =
.[

c,h,o + W>Io = ca{^1J1h30

It precipitates also the solutions of many metallic salts, as those of

luagnesiuin, aluminium, copper, &c. :

—

CuCl^ + 20311^0 = Cu(011)3 + 2C2
U,

I

AVheii its aqueous solution is heated it combines with water, glycol

being formed
;

it also combines with glycol, with the formation of

dietheiie glycol :

—

OH CJI .i OH
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Diethene glycol is a thick liquid, having a sweet taste and boiling

at 250°. Tliis compound may again be combined with ethene oxide,

fridhcne glycol being produced, a licpnd boiling at 287°. I>y repeating

these reactions other poly-ethene glycols have been produced. The

constitution of these compounds is shown by the following formulm ;

—

Etliene Glycol.

Oil

OH

Dietliene Glycol. Trietlieiie Glycol.

C,1I,
/OH

Call

C,H
4

\OH

Tetra-ethene Glycol.

/OH

c^H,:>
C,H,;

0

C2H4>
\OH

Hexetliene Glycol.

/OH
CJI,,

C,H,
>0

CJI,

CJT

C2H4

>0

>0

>0

C,H,'
>C>

\OH

TTic same compounds are produced when ethene glycol is heated
with ethene bromhydrate.

Nascent hydrogen converts 'ethene oxide into ethyl alcohol. It

also combines with bromine, forming the compound (CoH^O)
2
Br

2 ,

consisting of reddish-brown crystals, melting at 65° and boiling at

05°. By adding mercury to this bromide cthcnc dioxide (CgHJ^jO is

obtained in colourless crystals, melting at 9° and boiling at 102°.

The constitution of this compound is expressed by the formula ;

—

c,h/ >cji,
o

Ethene oxide unites also with ammonia and amines, forming

strongly basic compounds. The hydrochlorides of these bases are

also produced by combining ethene chlorhydrate with ammonia or

compound ammonias. Ammonia yields the following bodies, which
are all syrupy alkaline liquids, forming well-crystallized salts:

—
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Mouoxetliylainiue. Dioxethylaiiiiiie.

Ti'ioxetliylaiiiine.

(

Choline or Neurine

discovered in the bile, and afterwards it was found in tlie brain,

in the yolk of eggs, in mustard seed, &c. It does not exist in

the free state in these substances, but is a product of decomposi-
tion of highly complicated compounds. Choline has also been pro-

duced synthetically by heating a concentrated aqueous solution of

trimethylamine with ethene oxide:—

The free base is a deliquescent mass, having a strongly alkaline

reaction, and readily absorbing carbon dioxide. It combines
with acids to form crystalline salts. The platinum compound
(N[C

2
^l

4
(OI[)(CH

3 ) 3
]Cl)2 -1- rtCl^ forms large yellow plates, which

dissolve in water, but are insoluble in alcohol.

When choline is heated it is resolved into glycol and trimethyl-

amine :

—

Oxycholine crystallizes from alcohol in large shining deliquescent

crystals. It has no alkaline reaction and a sweetish and cooling

taste
;

its salts crystallize well. Oxycholine occurs in beet-roots

CaH.O q- H.O -h N(CH3)3 = C.,H
foil

^\N(CIl
3)30II

by the oxidation of choline, and by the action of trimethylamine

upon monochloracetic acid :

—

) N(CIU.>OII

CIIoCl.CO.OH + N(CIl3)3 = X(CH3)3(CIl2.0H.C0)Cl
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{Hcta vulgaris), and can easily be obtained in quantity from tlie

treacle obtained in the manufacture of beet- root sugar.

Ethcne Nitrite C.2H^(N0.2).2 is formed by passing etliene into liquid

nitrogen tetroxide
;

it crystallizes in white prisms, melting at 37°'5

and subliming at a higher temperature with partial decomposition.

Ethcnc Nitrate C.,H4(N03)2.
—

'When ethene glycol is dissolved in

liiming nitric acid, much heat is evolved, and, on addition of water,

ethene nitrate is precipitated as a thick, heavy oil, possessing an un-

pleasant, sweetish taste. On heating it gently it decomposes with a

slight explosion, giving off a very luminous flame.

r 01
Ethene Chloronitratc C„Hj^

|
is an oily, limpid, volatile liquid,

having a pungent smell, and burning with a brilliant white flame. It is

readily obtained by dissolving ethene chlorhydrate in concentrated

nitric acid.

On passing ethene into a very cold mixture of concentrated

nitric and sulphuric acids, the compound 0011^X205 or C2H^
|

is formed, a colourless oil, liaving a very pungent smell
;

its vapours
attack the eyes and produce headache. By the action of aqueous
liydriodic acid it is converted into glycol ;

—

C.H,{ + 4HI = c,H,
I

+ 2N0 + 21, + H,0

Ethenesulplmric Acid C2II4
j gQ

is formed by heating glycol

with sulphuric acid to 150°. On diluting the cold solution with
^vater and neutralizing it with barium carbonate, harium ethcnesidphate

C.2H4 f OH
1 SO )

r I

obtained, a very soluble salt, which does not crys-

O H 3 ''

tallize well. When it is heated with baryta-water it is decomposed
into glycol and barium sulphate.

Cariyl Sulphate C2H4(S03)2.—This name has been given to a com-
pound wdiich is produced by passing ethene into sulphur trioxide.

It forms colourless crystals, which attract water rapidly from the air,
( jp

being converted into ethionic acid C2II4
i so!i-p

a compound only

known in aqueous solution. On heating, it is decomp)osed into sul-

p)huric acid and isethionic or ethcnesulphonic acid C.,H, | ^vhich

is also formed by diluting a saturated solution of sulp)hur trioxide in
alcohol or ether with water and boiling the liquid for some hours.
Ba.rium isethoniate crystallizes from water in shining palates. By
adding sulphuric acid to a solution of this salt, and boiling the
filtrate down to the consistency of a syrup, cthencsulphonic acid
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crystallizes on cooling in Avliite deliquescent needles. Potassium
isetliouiate is formed Ijy heating ethene chlorliydrate with an aqueous
solution of potassium sulphite :

—

C
3
II.

I 'J”
+ SO3K, =. CJI,

I
. + CIK

Ammonium IsetJioniate Cgll^
|

crystallizes in colourless

prisms, which when heated above 200 ° are converted into amido-

ethylsulRlionic acid or taurine Cgll^ \ gQ a compound which occurs

in the free state and combined with cholic acid (taurocholic acid) in

the bile, in the intestinal liquid, and in the lungs. It is best prepared

from the bile of the ox, by boiling it for some time with hydrochloric

acid and evaporating the filtered solution. The residue is exhausted

with alcohol and the solution evaporated to crystallization. Taurine

crystallizes in large colourless prisms, which are tasteless and only

sparingly soluble in water. It is a monobasic acid and very stable

body, which is not acted upon by boiling nitric acid
;
but nitrous acid

converts it into isethonic acid :

—

C.JI f NH
4 ( SO

3
H2 + NOJI =

SO3I1
+ ^1=0 + N3

On distilling potassium isethoniate with phosphorus pentachloride

isethonic chloride
| gQ

is obtained, which is decomposed l>y

water with the formation of hydrochloric acid and chlorethylsulphonic

aeid, C
2
II

4

1

gQ^ Qjp
By acting with aqueous ammonia on the silver

salt of this acid taurine is formed.
r gjp

Ethene Dihydrosulphide or Ethene Mercaptan C
2
II

4
1 gj^j

is pre-

pared by distilling ethene dibromide with an alcoholic solution of

potassium hydrosulphide. It is a limpid, very refractive liquid,

boiling at 142°, possessing a strong, disagreeable smell, and form-

ing, like other mercaptans, metallic compounds.

Ethene Ilydroxrjsulphidc C2
IT

4
1
Qg^ is a liquid with similar pro-

perties. It is produced by the action of ethene chlorliydrate upon

potassium hydrosulphide, and yields on oxidation isethonic acid.

Ethene Sulphide (C21 14)282 is obtained by distilling ethene bromide

with an alcoholic soliition of potassium sulphide. It is a crystalline

solid melting at 111 ° and boiling at 200 °, but subliming readily at a

lower temperature. The vapour density of this compound is CO (U = 1 ),

from which it follows that the molecular formula is twice Cyi^S
;

its

constitution must therefore be the following
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plates. It is produced by heating ethene bromide with potassium

sulphocyaiiate.

by oxidizing the sulphide, hydrosulphide, or sulphocyaiiate of ethene

with strong nitric acid. It is also produced by heating ethene di-

bromide with potassium sulphite. It is a crystalline solid, which is

very soluble in water, and has a very sour taste. The barium salt

crystallizes in hexagonal plates, and is not decomposed by boiling

nitric acid.

These compounds are formed by the action of ethene dibromide on
alcoholic ammonia, the following reactions taking jilace ;

—

By adding caustic potash to the hydrobroniides thus formed the

bases are set free, and may be separated by fractional distillation.

Ethenediamine CbH^(Nll2)2
is a strongly alkaline liquid, possessing

an ammoniacal smell and caustic taste, and boiling at 123°. Kitro-

gen trioxide converts it into ethene oxide :

—

The hydrochloride of this base has been obtained in quantity by
heating the impure ethene dichloride, obtained in the manufacture of

chloral, with an excess of alcoholic ammonia for ten hours to 110°.

The product is distilled in order to remove alcohol, dichlorethane and
other chlorides, and the residue recrystallized from water.

By acting on ethenediamine with ethyl iodide the hydrogen of tlie

amido-groups is replaced by ethyl, the final product being hcxdhyl-

dlienediammonium di-iodidc N.,(C.,II which when treated

C
-

- -
- ^

—This bibasic acid is formed

NITKOGEN BASES OF ETHENE.

C2H,Br2 + 2NH - ^
-H 2HBr
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with silver oxide and water yields the corresponding hydroxide, a

strongly alkaline and caustic substance.

Duihcncdiamine boils at 170 °, and combines, like

ethenediamine, with two etpiivalents of an acid, forming crystallized

salts. The two hydrogen atoms in the groups NH can also be replaced

by alcohol radicals.

Tricthencdiaininc boils at 210°, and combines with ethene

dibi'oniide to form tctrdJiene-aminonium dibrornide lSrg(C.2H4)4Br.,.

The triaiiiines of the monad alcohol radicals act upon ethene

dibromide iti a peculiar manner. Tims trimethylamme and ethene

dibromide readily combine, and form inonohroriLcthyl-trimcthylammo-

niiim bromide C2H4Br(CH3)3NBr
;

nascent hydrogen converts tliis

compound into ethyl-trimethylammonium bromide C.2H5(CTl3)3NBr,

and by the action of moist silver oxide it yields choline ;

—

U,H^Br(CH3)3NBr + Ag, + H.fi = |q ^ 2AgBr

PHOSPHOKUS- AND AESEXIC-BASES OF ETHENE.

Triethylphosphine combines with ethene dibromide, forming two

compounds according to the relative quantities of the two con-

stituents :

—

Triethyl- bromethylphosphonium bromide C2lT^Br(C.2lIg)3PBr.

Hexethyl-ethenediphosphonium dibromide [
(C.ng)3i>

1

i (BhHg)
3
P j

The monobromide crystallizes in regular dodecahedrons

heating

on
its aqueous solution with silver chloride it yields the

compound C.2n4Br(C2Hg)3PCl, but by acting on it with moist silver

oxide all the bromine is replaced by hydroxyl, and the ammonium

base is formed, the constitution of which is

analogous to that of choline.

The second bromide corresponds to the compounds formed by
unitine: ethenediamine with the iodides of monad alcohol radicals.

Triethylarsine acts upon ethene dibrornide in a similar manner as

the ])hosphorus-base.
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ETHIDENE COMPOUNDS.

CIL,
The radical etliidene

|

which is isomeric with etheiie, does not

Cl I

exist ill the free state
;

its oxide is acetaldehyde

CH,

CHO
EthUlcnc Dichloridc CJI^Clg is identical with dichlorethane, and is

formed by the action of chlorine upon ethyl chloride as well as by
distilling aldehyde with phosphorus pentachloride. It boils at 58°.

ClI, CH,

CHO
+ rcb

CHC].,
+ POOL

Acetal C,n^(OC2ll5).—This isonieride of diethyl ethenate is obtained

as a by-product in the preparation of aldehyde, and is also formed

by heating aldehyde with alcohol to 100° in sealed tubes :

—

CH3 CHg

1
+ 2C,H,.OH =

1

. -rr + H^O
('HD CHICHU ^^(OCalL

or by the action of sodium ethylate upon etliidene dichloride.

Acetal is a limpid liquid, possessing a refreshing odour, and boiling at

104°. On oxidation it yields aldehyde and acetic acid, and by heating

it with acetic acid, ethyl acetate, aldehyde, and \vater are formed.

When a mixture of methyl alcohol and ethyl alcohol is oxidized

by manganese dioxide and dilute sulphuric acid, a number of pro-

ducts are formed, among which are found methyl- etlajl acetal

C,H_j
I

> l>oiliJ''o ^5°, and dimethyl aeeted C^H^
|

boiling

at 65°. The latter compound exists also in crude wood-spirit.

By distilling methyl alcohol with the above oxidizing mixture, it

yields methyl formate and a liquid called methylal C^llgO.,, boiling

at 42°, and possessing an agreeable odour. This body has most pro-

bably the constitution Cll2(OCH3)2, standing in the same relation to

formaldehyde as acetal to acetaldehyde.

Aldehyde combines with ethyl chloride, forming the compound

Cgllj^'

I QQ
^ liquid boiling with decomposition at about 100°, and

yielding acetal by the action of sodium ethylate :

—

CII3 CTI3

1 ^
NaO.CglP =

1 - jj- + IsaCl
eur .) ('IT )

‘

0 2
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AVlien aldeliyde is heated with acetic anhydride to 180°, coinl)iiia-

tion takes place, and efhidene diacctaie is produced :

—

0113.0110 + ()-f
c,ii,o

10,11/)
OII3.OII / OO.JI3O

{
()0.'ll3{)

Tliis compound is an oily liquid, boiling at 109°, and possessing an
alliaceous odour.

The compounds formed by the union of chloral with Avater and
alcohols (page 146) have to be regarded as comj)ounds of trichlor-

cthidene :

—

Chloral llyilratc or

Trieliloretliidone Alcohol.

OOI3.OII (
on

\OH

Chloral Alcoholatc.

CCi3.CH ( Oil

\ < >0,113

15y treating chloral alcoholate with phosphorus pentachloride the

C IICI )
hydroxyl is replaced by chlorine, and tetrachlorethyl oxide -

i

IS formed (see page 112).

GLYCOLLYL COAIPOUXDS.

GLYCOLLIC ACID OE OXACETIC ACID 0211^03.

This acid can be produced by different reactions. It is formed by
oxidizing glycol with weak nitric acid :

—

CIT,.OH CH.,.OII

I
+0,=

|
+H.0

OH^-On CO.OH

and also by heating metallic chloracetates or bromacetates with
water :

—

CH
2
CI CIUOII

1
+ H.,0 =

I

‘ + KCl
CO.OK “ CO.OII I

« .

Olycollic acid is, however, more conveniently prepared by oxidizing .

ethyl alcohol with nitric acid. One volume of nitric acid (Hod ^

specific gravity) is mixed with two volumes of alcohol (90 per cent.)
;

'

after standing for some time evolution of -gas commences. The liquid '

is now kept at a temperature of 20° until this evolution ceases, and
then evaporated on a water-bath to the consistency of a syrup. The /
residue is dissolved in water, and the boiling solution neutralized with

"i

(“halk. On cooling, im])ure calcium glycollate crystallizes out, which .

is boiled with milk of lime in order to remove by-products (glyoxal
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and glyoxylic acid). To obtain the pure acid the solution of tlie

calcium salt is precipitated with oxalic acid, filtered, and the filtrate

neutralized with lead carbonate. The lead salt thus obtained is crys-

tallized, and the pure salt dissolved in water. Sulphuric acid is then

added, but not sufficient to decompose all the lead gdycollate, tlie

solution evaporated to dryness, and the residue exhausted with ether.

On evaporating the ether, glycollic acid crystallizes out, forming,

when quite pure, large regular crystals which are very soluble in

water, deliquesce in moist air, and melt at 79°. Glycollic acid exists

in the juice of unripe grapes, and in the green leaves of the Virginia-

creeper {Amijclojjsis hcderacea).

Calcium Glycollatc (C2ll303)2Ca is sparingly soluble in cold water,

and crystallizes from a hot saturated solution in colourless needles

usually grouped in stars. By adding silver nitrate to its solution a

white crystalline precipitate of silver glycollate is formed. Copper
glycollate is a greenish-blue crystalline powder, which is obtained by
mixing a solution of copper sulphate with a hot concentrated solution

of the calcium salt.

Crlycollyl Chloride C2H2OCI.2 is obtained by the action of phosphorus
pentachloride on the acid; it is identical with monochloracetyl chloride,

and yields with water monocbloracetic acid. The formation of the

eddoride is explained by the equation :

—

CH,.OH CH2CI

1
+ 2PCI5 =

I
-f 2POCL

CO.OII COCl

GLYCOLLIC ETHERS.

Etliylglycollic Acid CIl2(OC2H5)CO.OH is produced by the action

of sodium ethylate upon sodium rnonochloracetate. To prepare the
free acid the copper-salt is decomposed by hydrogen sulphide. It is

a thick, colourless liquid, boiling at about 200°, and having a very
sour taste like glycollic acid.

Ethyl GlycoUcdc CH2(OH)CO.OC2ll5, a neutral lic|uid, soluble in

water, is obtained, together with glycollic anhydride, by heating
ethyl rnonochloracetate with sodium glycollate :

—

CII2CI CII,.OII CII2.OH CH.

I +
I

^ =1 +
!

“>0
-I- XaCl

CO.OC2H5 CO.OXa CO.OC2H5 CO

Diethyl GlycoUcdc Cll2(O02H5)CO.OC2H5 is conveniently prepared
by dissolving sodium in absolute alcohol, and mixing this solution
gradually with ethyl monochloi’acetate

;
the mixture is heated for

some time, and the ether separated from the alcohol by fractional
distillation. It is a colourless liquid, boiling at 155°, and possessing
a sweetish taste.
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cn,.ocji30
Ethyl Acetyl(jlycollate

|

.— Tliis ether is obtained by
co.ocyig

lieating ethyl monochloracetate with ijotassium acetate. It is a

colourless liquid, having a pleasant fruity smell, and boiling at 170°.

On distilling it witli caustic potash it is resolved into potassium
giycollate and acetic ether. AVhen its aqueous solution is evaporated
with slacked lime in vacuo, calcium acetate, calcium giycollate, and
calcium acetylijlycollatc are produced : the latter salt crystallizes in

small prisms.

CO
Glycollidc or Glycollic Anhydride

|

\0 .—When glycollic acid is

CH^
heated above 150°, it is partially resolved into water and glycollide.

The latter compound is formed in larger quantity when potassium
monochloracetate is heated to 120°. It is a white amorphous
powder. AVhen heated with water it is slowly reconverted into

glycollic acid
;
this change takes place more quickly in the presence

of an alkali.

bi-Diylycollic Acid or Paramalic Acid.—
0 | ojp-

—

basic acid is formed by the oxidation of dietliene glycol as well as by
the dehydration of glycollic acid. It is also produced together with

glycollic acid when monochloracetic acid is boiled with milk of lime

and calcium chloride. It forms large inonoclinic crystals, and is very

soluble in water. When it is heated with fuming hydriodic acid it

splits up into acetic acid and glycollic acid, and if the hydriodic

acid be in excess the glycollic acid is also reduced to acetic acid :

—

(9 { CT^'cO OH + = HO.CH,.CO.OH + CH
3
.CO.OH + I„

CH
3
.OH CII

3
''^1

I
+ 2HI =

I
+ H 3O + Ij

CO.OH CO.OH

Diglycollic acid is mctameric with malic acid.

CH2.SO3II

Sulpha,cetic Acid
\

.—This acid is obtained by heating a
CO.OH

mixture of glacial acetic acid, and sulphur trioxide for some time,

diluting with water and neutralizing with lead carbonate. The acid

prepared from the lead salt b}' hydrogen sulphide crystallizes in

transparent prisms
;

it is readily soluble in water and a strong

bibasic acid.

It is also produced by the action of fuming sulphuric acid upon

acetonitrile or acetamide
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CH
3

I

+
CO.NH.

CH,.SO.,.OIi

I

^
“ + SO

2

CO.OII

/ ONH,
(
OH

and its sodium salt has also been obtained by boiling a solution of

sodium sulphite with sodium monochloracetate :

—

CH,C1

CO.OHa

. CII.,.S03Ha
+ 803-^/:;=

I

“ +ClNa
CO.ONa

AVhen sulphacetic acid is heated with sulphur trioxide it is con-

verted into methionic acid or imthencclisid^Aionic acid :

—

CH2.SO3II

1
+ SO3 = CH,

CO.OH
J SO3

H
t SO 3

H ^

This acid is of course also formed when acetamide or acetonitrile

are heated with a large excess of fuming sulphuric acid.

Methionic acid is the lower homologue of ethenedisulphonic acid

(see Ethene Compounds), and is the second member of a series of

sulphonic acids, which may be considered as substitution-products of

marsh-gas, the first being mctliylsul])lionic acid CH
3
.SO

3
H, a com-

pound formed by the oxidation of methyl inercaptane, and the

third is methenyltrisul;p]ionic acid, a compound already described (see

page 103) :

—

jMetliylsulplionic Acid. Methenedisulplioiiic Acid. iMcthenyltrisulplionic Acid.

CH
3
.SO

3
H CH

2
(S03H)2 CH(S03H)3

GLYCOLLTC AMIDES.

CH2.OH
GlycoUamiclc

[

is produced by the action of dry ammonia
CO.NH

2

upon glycollide or ethyl glycollate. It is soluble in water, crystal-

lizing in colourless crystals with a slightly sweet taste. It forms
very unstable salts.

CH2.HH2
Glycocol or Amidacctic Acid

|

.—This compound, also called

COOH
ylycocinc, is formed by heating monochlor- or monobromacetic acid

Muth ammonia. It is a product of decomposition of glycocholic and
hippuric acids, and is also produced when glue is lioiled with dilute

sulphuric acid. It forms large transparent crystals, possessing a

sweet taste. It is a weak acid, the copper-salt being the most
characteristic.
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It is obtained by dissolving copper liydroxide in a boiling solution

ot glycocol
;
on cooling the salt crystallizes in fine, dark blue needles

[Cll,(NH,)CO,],Cu + 11,0. Silver amidacctatc Cir2(NIJ,)C0,Ag
separates I'rom a hot solution in colourless crystals.

Cilycocol is an acid, but at the same time also an amine, and com-
bines therelbre with acids.

Uhjcocol Hydrochloride C.,n30.2.1Sn[3Cl is very soluble in water, and
crystallizes in prisms

;
with platinic chloride it forms the double salt

2(C2ll30.^.Nll3(Jl) -f IdCl^, which is soluble in water and alcohol.

Olycocol also combines with several salts as silver nitrate, &c. &c. :

—

cir.2.Nn3.N03

CO.OAg

When glycocol is heated with caustic baryta it is resolved into

inethylamine and carbon dioxide :

—

CH
2
(Nn,)C02lI = CH

3
.NH, + CO.,

Nitrous acid converts it into glycollic acid :

—

0H2(NH,)C02 -f- NO.OII = CH,(0PI)C02n + H.,0 + N,

CH2.NH(CH3)
Methyl-glycocol or Sarcosine

\

.—This compound was
CO.OII

first jobtained by boiling creatine with baryta-water (see Creatine), and
can easily be obtained by acting with inethylamine upon mono-
chloracetic acid. It forms colourless crystals possessing a burning
sweet taste

;
when heated it melts, and sublimes without decomposi-

tion. It combines with acids
;
the most characteristic of its salts is

the platinum double compound 2[C2ll302.N(Cll3)lI.2Cl] + PtCl^, which
crystallizes in large pale-yellow octahedrons.

Similar compounds are formed by the action of ethylamine and
diethylamine upon monochloracetic acid:

—

Ethyl Glycocol. Dietliyl-Glycocol.

C1I.2:N(C21I,)1I

CO.OII CO.OII

cir.2.Nii2

Glycollyldiamide
|

.—This compound is produced, but not
co.Nir,

readily, by heating monochloracetic acid or glycocol with a solution of

ammonia in absolute alcohol. It is a crystalline, deliquescent mass,

having an alkaline reaction
;

it combines readily with carbon dioxide,

and with acids, forming crystalline salts. On boiling its aqueous

solution it yields glycocol and ammonia.
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OXALYL COMPOUNDS.

OXALIC ACID 0202(011)2.

This important compound exists in many plants (Oxalis, Jlumex,

and PtliGum species), as potassium or calcium salt. Its sodium- salt

is obtained synthetically bv passing carbon dioxide over sodium heated

to 360°

2CO
2 + Nag = C20^Na2

The same salt is produced by the action of a high temperature upon

sodium formate :

—

ITCO.ONa CO.ONa
=

1
+

IICO.ONa CO.ONa

Oxalic acid is an oxidation-product of glycol and glycollic acid
;

but also many other compounds, belonging to the group of fatty

substances, yield oxalic acid as the final product of the action of

nitric acid. j\Iany of these bodies are also converted into oxalic acid

by fusing them with caustic potash.

Acetic acid is oxidized to oxalic acid by heating it with a strongly

alkaline solution of potassium permanganate.

Pure oxalic acid is best obtained by heating one part of cane-sugar

with eight parts of nitric acid as long as red fumes are given off.

The acid, crystallizing out on cooling, is purified by recrystallization

from boiling water.

Commercial oxalic acid is produced by fusing saw-dust with a

mixture of caustic potash and soda in the proportion of one ecpiival-

ent of the former to two of the latter. The solution of the mixed
alkalis having been evaporated to- about 1‘35 specific gravity, saw-dust

is introduced so as to form a thick paste, which is placed on iron

plates in thin layers and gradually heated, the mass being kept

constantly stirred. During this process water is in the first instance

given off; the mass then swells up and disengages inflammable gases,

consisting of hydrogen and hydrocarbons, an aromatic odour at the

same time being evolved. After the temperature has been maintained

at 200° for one or two hours, the Avhole of the woody fibre is decom-
posed and the mass is entirely soluble in water. It contains, however,
only from 1—4 per cent, of oxalic acid and about O'o per cent, of

formic acid. The mass is now exposed still longer to the same tem-
perature, care being taken to avoid any charring, which would cause

a loss of oxalic acid. When perfectly dry it contains the maximum
cpiantity of oxalic acid, viz. 28—30 per cent, of C.,0^11., -f- 2 II

2
O, but

no acetic acid, and very little more formic acid than before. The
product, which is a grey powder, is in the next place treated with
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water; in this sodium and potassium salts dissolve, whilst sodium
oxalate is left behind. The supernatant liquid is drawn off and
evaporated to dryness, and the residual mass heated in furnaces to

destroy the organic matter, and recover the alkalis. The sodium
oxalate is decomposed l>y boiling with milk of lime, and the resulting

calcium oxalate decomposed hy means of sulphuric acid, and the

li(|uor decanted from the calcium sulphate evaporated to crystalliza-

tion. From about two parts of saw-dust one part of crystallized

oxalic acid is obtained. The commercial acid always contains a trace

of alkali, wliich cannot he completely removed hy recrystallization.

Oxalic acid crystallizes in colourless prisms C.,H.,0^ -f 2 H.,0
,
which

at 100 ° lose their water, and crumble down to a white powder. The
crystallized acid dissolves in 8 parts of water at the common
temperature, and in about its own weight of boiling water

;
it is also

very soluble in spirits of wine. It has an intensely sour taste, and is

very poisonous, the antidotes being chalk or magnesia.

The anhydrous acid sublimes when carefully lieated
;
its vapours are

very irritating. On heating the crystallized acid quickly it is resolved

into carbon monoxide, carbon dioxide, water, and formic acid. Oxidiz-

ing agents convert it into water and carbon dioxide
;
this reaction is

made use of in volumetric anal3^sis to determine the strength of a

solution of potassium permanganate :

—

K^MiigOg + 3H2SO4 + 5C20^H2 = K2SO4 + 2M11SO4 -h 8H2O + IOCO2

By boiling oxalic acid with zinc and sulphuric acid it is reduced

to glycollic acid :

—

CO.OH CH2.OH

I

-f- 2H2 =
I

HoO
CO.OH CO.OH

The hydroxyl of oxalic acid cannot be replaced by chlorine; by
acting on it with phosphorus pentachloride, it is decomposed accord-

ing to the equation ;

—

VCl, + C2H2O4 = rOCla + 2HC 1 -f- CO + CO2

OXALATES.

Oxalic acid is a powerful bibasic acid, decomposing dry sodium
chloride when heated, with the evolution of liydrochloric acid, and

converting sodium chloride or nitrate in solution into sodium

binoxalate.

Foiassium Oxalates .—The normal salt C.T\K., + HgO forms mono-

clinic crystals, and is readily soluble in water. The acid salt

C2OJIK -f HgO is less soluble, and possesses a sour ta.ste
;

it

occurs in several species of Bumex and Oxalis. It combines with

oxalic acid, forming the so-called potassium quadroxalate C2O4IIK
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+ C2O4H, + 2H9O, a salt sparingly soluLle in water and crystallizing

in large octahedrons. Tlie two acid oxalates are known in commerce
by the name of “ salts of sorrel/’ or “ salts of lemon.”

Normal Sodium Oxalate C^O^ISTa is a white sandy powder, and

only slightly soluble in cold water.

Ammonium Oxalate C20^(NH^).2 + H.^O crystallizes in rhombic

prisms, and is used as a reagent for calcium salts.

Calcium Oxalate C.^O^Ca occurs in the form of quadratic prisms,

containing three molecules of water, in the cells of different plants

(rhubarb-root, lichens, &c.), and in urine and other animal fluids.

It also forms the chief constituent of the urinary calculi called
“ mulberry stones.” When a neutral solution of a calcium salt is

mixed with that of an oxalate, a crystalline precipitate of calcium

oxalate is formed, even in highly diluted solutions
;

it is insoluble in

water and acetic acid, but readily dissolves in dilute nitric and
hydrochloric acids.

Ferrous Oxalate C20^Fe is obtained as a bright yellow precipitate

by mixing solutions of oxalic acid and ferrous sulphate. Ferric

oxalate (C204)3Fe2 is very soluble in water, and is readily formed by
dissolving ferric hydroxide in a solution of oxalic acid.

The oxalates of lead, mercury, and silver are heavy white preci-

pitates. The silver and mercury salts decompose with a sudden flash

when heated, but on percussion the latter explodes violently.

ETHERS OF OXALIC ACID.

Methyl Oxalate 0204(0113)2.—The preparation of this ether has
been already described (see Methyl Alcohol). It forms large rhombic
crystals, melting at 51° and boiling at 162°. It is soluble in water,

which decomposes it slowly in the cold, quickly on boiling, into

methyl alcohol and oxalic acid.

Ethyl Oxalate 0204(02115)2 is produced by distilling absolute alcohol

with anhydrous oxalic acid. It is a colourless liquid, boiling at 186°

AVater, in which it is only sparingly soluble, acts on it in a similar

manner as on the methyl-ether.

By acting on it with an alcoholic solution of caustic potash in the

]T)otassium ethyloxalate 0,04 -f ^-rr separates in crystals. Eihyl-

oxalic acid is also formed as a by-product in the preparation of ethyl
oxalate. It is a very unstable compound, and scarcely known in the
pure state

;
when it is heated it splits up into carbon dioxide and

ethyl formate :

—

CO.OC2H5
= CHO.OCo-H, -F CO.,

CO.OH
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riiospliorus oxychloride acts violently upon potassium etliyloxalate,

the chloride of ethijloxalic acid C/).^
| Qp

-jj- being formed, a limpid

lifluid, boiling at 140 ° and possessing a sutfocating smell. It fumes
in the air, and is acted upon by water and alcohol like other acid

chlorides.

AVhen sodium amalgam is added to a solution of ethyl oxalate in

alcohol the oxalic acid is reduced to ghjcollic acid and tartaric acid.

But when sodium amalgam acts upon dry ethyl oxalate, the reaction

is different, the chief product consisting of desoxalic acid, a com-
pound to be described further on.

Sodium or potassium dissolve in ethyl oxalate with the evolution

of carbon dioxide, and the formation of a black mass, which on dis-

tillation yields ethyl carbonate, which compound was first discovered

by this reaction. The same reaction takes place by acting on oxalic

etlier with sodium ethylate, which compound is always first formed
by the action of the metal upon ethyl oxalate. Besides carbon dioxide

and ethyl carbonate, other products also are formed in small quantity,

such as ethyl alcohol, formic acid, &c.

AMIDES OF OXALIC ACID.

Oxamide C202(N’H2).2 is obtained by the action of aqueous ammonia
upon oxalic ether ;

—

CO.OC2H5 CO.NH,

i

+ 2NH3 =1 “ + 2C.JT,.OH
CO.OC.2H. CO.NII2

The same compound is produced when normal ammonium oxalate

is heated :

—

C202(0NII,)2 = + 2H
2
O

When cyanogen gas is passed into concentrated hydrochloric acid, or

when aldehyde is added to an aqueous solution -of cyanogen, it takes

up water and is converted into oxamide. On the other hand, when
oxamide is heated with phosphorus pentoxide it is resolved into water

and cyanogen gas. These reactions show that dicyanogen is the

nitrile of oxalic acid or dicarhoxijl :

—

Dicyanogeii. Dicarboxvl.

CH CO.OH
I

-
1
- 411,0 =

1

+ 2HII
3

CX “ CO.OII

Oxamide is a white crystalline powder, which is but sparingly

soluble in water and alcohol. When it is boiled with acids or alkalis
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it takes up water and yields oxalic acid and ammonia. On heating it

with mercuric oxide it forms urea and carbon dioxide.

Oxamic Acid C.,0.2

|
is produced when acid ammonium oxalate

is heated, and its ammonium salt is formed wlien oxamide is boiled

with aqueous ammonia :

—

C O / 4- H 0 - C 0 /

Oxamic acid is a white crystalline powder, which is not very
soluble in water. It is a monobasic acid, forming well-crystallized

salts. By heating it with water it is reconverted into acid ammonium
oxalate.

NtJn/l Oxamafe ^
2 *^-^

| pf
•— compound, also called oxaiu-

dhane, is formed by evaporating a solution of ethyl oxalate in ammo-
niacal absolute alcohol, and is also produced by the action of dry

ammonia upon the chloride of ethyloxalic acid. It crystallizes in

pearly scales
;

aqueous ammonia decomposes it into oxamide and
ethyl alcohol.

( NH (' IT
Ethyl-Oxcmic Acid ^2^2 |oh'

^ metameric with the last

compound, and is produced by heating acid oxalate of ethylamine to
180°. It sublimes in white interwoven needles, and is soluble in

water and a strong monobasic acid.

( T'fTT OTT
OxaJohydroxamic Acid or Biliydroxyl-oxamidc CI2O2

j Qpj
formed by heating an alcoholic solution of hydroxylamine with ethyl
oxalate. It forms colourless crystals, and is very sparingly soluble in

cold water. "When heated to 103° it burns like gunpowder. The
liydrogen in the two hydroxyls can he replaced by metals, crystalline

salts being formed which explode on heating.

ALDEHYDES OF OXALIC ACID.

Both aldehydes of hihasic oxalic acid are known, viz. :

—

Glyoxylic Acid. Gh'oxal.

COH con
I

I

CO.OH COH

lliese compounds are produced, together with glycollic acid, when
alcohol is oxidized with nitric acid.

Glyoxylic And is also produced on boiling oxalic acid with zinc
and dilute sulphuric acid, and on heating dichloracetic acid with
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water and silver oxide. The latter reaction takes }>lace in two stages.

First moiiOiiMoroijhjcoUic acid is formed:

—

ciick ciici(on)

I

“
n.,(j =

I

+ Agci
CO.OAg “ CO.OTI

and tins compound is by tlie further action of silver oxide con-

verted into giyoxylic acid. The free acid forms a sour, thick, syrujiy

liquid.

Giyoxylic acid is easily oxidized to oxalic acid, and like other

aldehydes it combines with tlie sulphites of the alkali-metals forming
Cll20 .S03Na.

crystalline compounds as
|

When the acid is heated

CO.ONa
witli an amnioniacal solution of silver nitrate, metallic silver separates

out as a brilliant mirror :

—

Glyoxal or Oxaldehydx C2H2O.2.—This compound is isolated from
the crude calcium glycollate by treating it with alcohol, which
dissolves the glyoxal whilst the calcium salts of giyoxylic and
glycollic acids are left behind. On shaking the alcoholic solution

wdth acid sodium sulphite a crystalline precipitate of glyoxal-sodium

sulphite is formed, which with barium chloride yields the correspond-

ing sparingly soluble barium salt. By decomposing this compound
with dilute sulphuric acid, and evaporating the filtrate, glyoxal is left

behind as a crystalline, deliquescent mass. 'By the action of weak
nitric acid it yields giyoxylic acid, whilst a stronger acid oxidizes it

to oxalic acid. Alkalis readily convert it into glycollic acid, even
more easily than the isomeric glycollide (page 198).

PROPENE COMPOUNDS.

Fropenc or Propylene a gas resembling ethene, is produced

by heating propyl alcohol with concentrated sulphuric acid, or by the

action of alcoholic pota.sh solution upon secondary propyl iodide.

Bure propene is also readily obtained by bringing allyl iodide

(see Allyl Conqwunds) in contact with zinc and dilute h3xlrochloric

acid. When the vapours of amjd alcohol or isobutyl alcohol are

passed through a red-hot tube, or when valerianic acid is heated with

quicklime, the products of decomposition always contain a large pro-

portion of propene. It also occurs in coal gas.

ITopene is a colourless gas condensible to a liquid by strong

pressure
;

it readily" combines with hydriodic acid, forming secondary

propyl iodide :
—
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CH. CH.,

CPI + n
HI

^

Chi, Cl [3

Propene Dichloride CgHgCl.,, a colourless liquid smelling like ethene

chloride, is produced by the direct union of propene and chlorine, as

well as by the action of chlorine upon propane or propyl chloride. It

boils at 9G°.

Propene Dibromide CgllgErg is a heavy colourless liquid boiling at

142°, which is generally used for preparing other propene compounds.
Propene Glycol 03113(011)2 is obtained from propene dibromide by

a reaction similar to that by which ethene dibromide is converted into

ethene glycol.

It is a thick liquid having a sweet taste, and boiling at 188°. By
the action of hydriodic acid it is reduced to secondary propyl

iodide.

On heating a saturated solution of hydrochloric acid gas in propene
(Cl

glycol, propene chlorhydrate CgHg
| q

is produced, a liquid boiling at

127°. By the action of caustic potash it is converted into propene

oxide C^PIgO, a liquid soluble in water and boiling at 35°. It combines
with nascent hydrogen to form secondary propyl alcohol :

—

CIL CPL

CH , + H, = CPI.OPI

^0
cii; CH.

ISOMEEIDES OF PROPENE C0:MPOUNDS.

Trimethcne Dibromide CgllgBig.—When allyl bromide CgH^Br, a

body belonging to thenon-saturatedcompounds, is treated with hydro-

bromic acid, two isomeric dibromides are found. That which is

obtained in a small quantity consists of common propene dibromide,

formed according to the following reaction :

—

CH.,

II

CH
I

CH^Br

+

CIL

II ) ^

p - = CHDr
Br

j
I

CHoBr

The second bromide, which is always present in a larger quantity,

is trimethene dibromide :

—
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on,

Cl I

cn.,p>r

I

= VAI.2

CH.Pr

Trimetlicne dibromicle is a lifjnid boiling at 163°. On licating it

with silver acetate and acetic acid it yields an acetate, vdiicli on
distillation with caustic baryta is converted into trimetlicne glycol or

'primary imoiicnc alcohol
| q]{ ^ thick liquid, possessing a

sweet taste and boiling at about 212”.

Propiilcnc Dicliloridc or Mcthylchloracctol is formed, together

with the isomeric ju’opene dichloride, by the action of chlorine upon
propyl chloride. The pure compound is produced when dimethyl

ketone is distilled with phosphorus pentachloride :

—

CH3 CIL

I I

CO + PC). = CCl., + POCJ3

I
I

CHj CII3

It is a colourless liquid boiling at 70°. By the action of sodium it

is converted into common propene, and not, as might be expected, into

an isomeride. On treating it with alcoholic potash it }delds 'mono-

chloropropene CgH^Cl, a compound which is also obtained by the same
reaction from propene dichloride.

LACTYL COMPOUNDS.

L.VCTIC ACID OR a OXYPROPIOXIC ACID C^TIgOg.

'This acid can be produced artificially by several reactions :
—

(1) By bringing propene glycol in contact with platinum-black in

the i)resencc of air :

—

dig CIT3

I

'

I

('H.on + 0., = cn.on ii.,o

I

“
!

cir^-on co.oii

(2) 'When equal molecules of propionic acid and bromine are

heated in sealed tubes to lo\)°,alromopropionic add is formed, which,

when heated with water and silver oxide, is converted into lactic

add :

—
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CH3 CII3

I I

CHBr + AgOH = CH.OH + AgBr

! I

CO.OH CO.OH

(3) Anhydrous prussic acid unites with aldehyde, forming the com-
pound O^H^O.CNH, a liquid boiling with partial decomposition at

183°. Alkalis decompose it again into its constituents, but hydro-

chloric acid converts it into ammonium chloride and lactic acid :
—

CH3
I

-f- CNH + 2H,0 + HCl =
COH

CH3
I

CH.OH + NH,C1

CO.OH

Lactic acid exists in the gastric juice and in Turkey opium, and it

is also produced by the lactic fermentation of sugar, gum, and
starch. It occurs therefore in sour milk, sour cabbage, in the fer-

mented juice of beetroot, and in spent tan. It is also formed together

with other products when grape-sugar is heated with a solution of

caustic soda.

Lactic acid is easily obtained in quantity by the following process :

3 kilograms of cane-sugar and 15 grams of tartaric acid are dissolved

in 17 litres of boiling water. After the solution has stood for a few
days, 100 grams of putrid cheese and 1‘2 kilograms of zinc-white,

which have been mixed to a creamy liquid with 4 litres of sour milk,

are added, and the mixture is exposed to a temperature of 30°—35°

for eight or ten days. The product is heated to the boiling-point,

filtered, and evaporated to crystallization. The zinc lactate thus ob-

tained is purified by recrystallization from boiling water, then dis-

solved in water, decomposed by hydrogen sulphide, and the filtrate

evaporated on a water-bath. The residue, consisting of impure lactic

acid, is dissolved in a small quantity of water and the solution shaken
with ether. On evaporating the ethereal solution pure aqueous lactic

acid is obtained, forming a colourless,, syrupy liquid, possessing a very
sour taste.

LACTATES.

The lactates of the alkali metals are very soluble in water, and do
not crystallize.

Calcium Lactate (C3H503)2Ca -f 5H2O crystallizes from a hot aqueous
solution in warty needles. Zinc lactate (C3H50)2Zn + 3TLO is the

most characteristic salt of this acid
;

it cry^stallizes in sliining four-

sided prisms, and dissolves in six parts of boiling and fifty-eight parts

of cold water
;

it is insoluble in alcohol. Ferrous lactate (0311503)2^0
C V
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+ SHgO is prepared by dissolving iron filings in sour whey. It

forms nearly colourless crystalline crusts
;

it is but sparingly soluble

in water, and is used in medicine.

Wlien a mixture of lactic acid and phosphorus di-iodide P
2
I
4

is in-

troduced in water, a iodopropionic acid is formed, an oily liquid

insoluble in water, which, when heated with strong hydriodic acid

to 150°, is converted into propionic acid. This transformation of

lactic acid into propionic acid is explained by the following equa-

tions :

—

CH, CII 3

I I

(1) CII.OH + III = CHI -h HoO
I I

CO.OH CO.OII

CIL CH.

I I

(2) CHI -}- HI = CH. + I,

I I

CO.OH CO.OH

Lactyl Chloride CgH^OClg.—This compound is obtained by distil-

ling two molecules of phosphorus pentachloride with one molecule of

calcium lactate. It is a fuming liquid, which has not been obtained

quite free from phosphorus oxychloride. It is decomposed by cold

water with the formation of hydrochloric acid and a chloropropionic

acid, a colourless liquid, boiling at 186°.

CH., CH.,

I
1

CHCl -
1
- H

2
O = CHCl + HCl

I I

COCl CO.OH

ETHERS OF LACTIC ACID.

Ethyl Lactate, a colourless neutral liquid boiling at 156°, is produced
by heating lactic acid with absolute alcohol. It is soluble in water

;

its aqueous solution soon turns acid, being decomposed into alcohol

and lactic acid. Sodium dissolves in ethyl lactate with the evolution

of hydrogen. On heating the sodium compound thus formed with
ethyl iodide, diethyl lactate is formed, a liquid possessing an agree-

able odour, and boiling, like the monolactate, at 156°. By the action

of hot potash-solution it yields potassium ethyllactate
;

the free

ethyllactic acid is as yet very little known. The constitution of

these ethers is shown by the following formuhn :

—
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Ethyl Lactate.

CH3

I

CH.OH

Ethyllactic Acid.

CH3
I

CH.OC2H5

Diethyl Lactate.

OH3

I

CH.OC.2H5

CO.OC.2H5 CO.OH CO.OC2H5

AcetyllacHc Acid or Lactyl Acetate CH3.CH(0C2H30)C02H.

—

When ethyl lactate is heated with acetyl chloride, the ethyl-ether of

acetyl-lactic acid is formed :

—

CH„ CH„
I I

CH.OH -f C2H3OCI = CH.OC.2H3O -h HCl

I 1

CO.OC2H5 CO.OC.2H5

Ethyl acetyllactate is a liquid boiling at 177°, and possessing a

fruity smell. On heating it with water for 2—3 liours to 150° it de-

composes into alcohol and acetyllactic acid, a thick, very sour liquid.

Nitrolactic Acid or Lactyl Nitrate CH3.CH(0ISr02)C02H is pro-

duced by dissolving lactic acid in a mixture of concentrated nitric

and sulphuric acids. It is a colourless, viscid liquid, possessing a

very sour taste and a faint nitrous odour
;
in pure water it dissolves

but sparingly, but readily in dilute acids. It is a very unstable com
pound, decomposing slowly at the ordinary temperature, and quickb
on heating, with the evolution of nitrous fumes. Caustic alkali,

cpiickly convert it into a nitrate and a lactate.

Ethyl Nitrolactate CH3.CH(Q]Sr02)C02.C2H5.—To obtain this com-
pound, ethyl lactate is dissolved in concentrated nitric acid

;
on add-

ing sulphuric acid to this solution the ether separates out as an oily,

limpid liquid, possessing an agreeable odour and pungent sweet taste.

It boils with slight decomposition at 178°, and burns like nitrolactic

acid with a brilliant flame.

Lactic Anhydride C22H20O5.—When lactic acid is heated to 150°,

water is formed, and a yellowish amorphous residue is obtained,

which is commonly called lactic anhydride. The same compound is

formed by heating potassium lactate with a bromopropionic acid. The
latter reaction shows that this compound is an ether, containing two
residues of lactic acid, one playing the part of an alcohol radical, and
the other that of an acid radical :

—

CH3 CH3
I I

CH.OH -1- CHBr =

I
I

CO.OK CO.OH

CII3

1

CH.OH CIT3

i I

CO.O CH
-f KBr

p 2

CO.OH
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This etherification also takes place slowly, when an aqueous solu-

tion of lactic acid is allowed to remain over sulphuric in vacuo, and
for this reason pure anhydrous lactic acid is not obtainable.

The anhydride is very slowly decomposed by water alone, but

quickly in presence of alkalis, into two molecules of lactic acid.

Lactide C
3
H^C)

2
.—When the so-called anhydride is heated to 210°,

lactide, or the real lactic anhydride, is formed. It crystallizes from
alcohol in shining rhombic plates, and is sparingly soluble in water,

with which it slowly combines, to form lactic acid. When quickly

heated it splits up into carbon monoxide and aldehyde :

—

CH.

I

CH3
CH =1 + CO

1

Clio
co^

AMIDES OF LACTIC ACID.

Lactamide C
2
H

4
(OH)CO]srH<, is formed by the combination of

lactide with dry ammonia :

—

CH3 CH3
I I

CH. + NH3 = CH.OII

I >0 I

CO CO.NH
2

The same compound is produced by heating ethyl lactate with

ammonia; it is freely soluble in water, and crystallizes in plates,

melting at 74°. When it is heated with potash-solution, ammonia
is evolved and potassium lactate is formed.

Alanine or Amidopropionic Acid CgH^fNHglCOgH.—This com-
pound is obtained by heating ethyl a chloropropionate with am-
monia, or by boiling two parts of aldehyde-ammonia and one part of

anhydrous prussic acid with an excess of dilute hydrochloric acid :

—

CII3 CH3

I HI I

CH.NII
2 + CNII -h ^ I

0 + HCl = CH.NH
2 + NH,C1

Oil CO.OH

On evaporating the solution a mixture of sal-ammoniac and alanine

hydrochloride crystallizes out. The latter is dissolved in absolute

alcohol, and the solution treated with lead hydroxide, lead chloride

being formed and lead amidopropionate, which is decomposed with

hyflrogen sulphide. Alnnine crystallizes from an alcoholic solution
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in shining prisms which are freely soluble in water, but sparingly in

alcohol and insoluble in ether. Its solution has a neutral reaction

and a sweet taste. On heating it carefully it sublimes, but when the

temperature is raised quickly a large portion splits up into carbon
dioxide and ethylamine :

—

I

= C,H,.NI 1
, + CO2

CO.OH

Like glycocol it combines with acids, yielding soluble salts
;

it also

forms, as acid, metallic salts. Nitrous acid acts on it as on other

amido-compounds, lactic acid, nitrogen, and water being formed :

—

C2H,.NIl2 C^H^.OH

I
+ NO.,H =1 + N„ + H^O

CO.OH “ CO.OH

r OH
Trichlorolactic Acid CCI3.CH

-j qq
—"When chloral is digested

with aqueous hydrocyanic acid, they combine, forming the nitrile of

{ OH
trichlorolactic acid CCI3.CH i ^ crystalline solid, which, by con-

tinued boiling with hydrochloric acid, is converted into trichlorolactic

acid, a solid melting at 110°. Its salts readily split up on heating
them with excess of base into a formate and chloral.

ETHENE-LACTYL AND MALONYL COMPOUNDS.

Sarcolactic Acid C
3
Hg03.

—

This name is given to an acid occurring

in the muscular flesh, from which it can be extracted by water, and is

also found in different animal secretions. Kecent researches have
shown that this body is a mixture of two acids

;
one of these, called

paralactic acid, has the greatest resemblance^ to common lactic acid,

from which it only differs by being optically active. The second acid

is called etliene-lactic acid, because it has been obtained synthetically

from ethene compounds, just as common lactic acid is derived from

ethidene compounds (aldehyde). By heating ethene chlorhydrate

with • potassium cyanide the nitrile of ethene-lactic acid is formed,

which, on boiling with caustic potash, yields the potassium salt of

this acid:

—

CN CO.OK
I I

CH2 -f KOH -f H2O = CH2 + NII3
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Ethene-lactic acid must be regarded as the first oxidation-product

of primary propene alcohol, but it has not yet been obtained from

this compound. It is a monobasic acid, as well as a primary alcohol,

whilst common or ethidcne-lactic acid is a secondary alcohol.

On oxidizing the former with dilute chromic acid, it is converted

into bibasic mcdonic acid, whilst common lactic acid is resolved by
oxidation into acetic acid and formic acid (or carbon dioxide and
water) ;

—

CO.OII CO.OH

(1) CII^. +0, = CR, +11,0
I

I

CH,.OH CO.OH

CO.OH

.OH + 0,

CII3

Mcdonic Acid CgH^O^.—This acid was first obtained by the oxi-

dation of malic acid :

—

CO.OH
I

+ CO, + 11,0
CII3

CO.OH
I

CH.OH
I

OH,

I

CO.OH

CO.OH
I

+ 0, = CH, + CO, + 11,0

CO.OH

It is also formed by the oxidation of ethene-lactic acid and by
heating cyanacetic acid with potash solution :

—

CN CO.OH
I I

ClI. + 21L0 = CII. + NH,
I

'
I

CO.OII CO.OII

Malonic acid crystallizes in large thin plates, melting at 132°.- On
lieating it stronger, it decomposes into carbon dioxide and acetic acid.

The malonates of the alkali-metals are readily soluble in water, those

of the other metals sparingly soluble, or insoluble.
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BUTENE COMPOUNDS.

a Butene or Butylene C^Hg is found in coal gas, and in large quan-
tities in the gas obtained from fatty oils. Pure butene is readily

obtained by beating secondary butyl iodide with an alcoholic solution

of caustic potash :

—

CHg dig

1

^

1

CH2 CII2

1
+ KOH =

1
+ KI 4- H2O

CHI CH
1 II

CH3 CH2

It is a colourless gas which by exposure to strong cold condenses

to a limpid liquid, boibng at + 1°.

Butene Bibromide C^HgBrg is a heavy colourless liquid boiling at 159°.

Butene combines readily with fuming hydriodic acid, secondary butyl

iodide being formed. It is also slowly absorbed by an aqueous solu-

tion of hypochlorous acid, with the formation of butene chlorhydrate

{ OH
C^Hg

^
,
which, by the action of sodium amalgam and water, is

converted into secondary butyl alcohol.

Butene Glycol C4Hg(OH)2.—This body is formed, but only in a

small quantity, together with alcohol, by the action of sodium amal-
gam on a weak acid aqueous solution of aldehyde. It is a thick,

colourless, sweet liquid, boiling at 204°. By oxidation it yields acetic

acid and oxalic acid
;
this proves that its constitution and mode of

formation is as follows :

—

COH CH2.011

I

CH3
1

CH,
+ H2 =

1

“

con
1

CH.OH
1

1

CH3
1

CH3

Isobutene or Dimethyl-ethene C^Hg has been obtained (1) by heating

isobutyl alcohol with zinc chloride, (2) by passing the vapour of am} 1

alcohol through a red-hot tube, and (3), together with tetrametliyl-

butane (so called dibutyl), in the electrolysis of potassium valerate.

^
The pure hydrocarbon is most readily produced by the action of alco-

holic potash solution on isobutyl iodide and tertiary butyl iodide :

—
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OIL CIL CH
3
CH

3

\/ \/
(1) CH - HI = C

t II

CH,I CH,

CIL CIL CH
3
CH

3

\/ \,/
(2) Cl - HI = C

I II

CII3 CH,

Isobutene may be condensed to a liquid, boiling at — 7°, and pos-

sessing an unpleasant smell like coal gas. It is easily transformed

again into isobutyl and tertiary butyl compounds (see Butyl

Compounds).
Isobutene Dibromide C^HgBr, boils at 156° and is easily converted

into isobutene glycol C^Hg(OH),, a thick liquid possessing a sweet taste

and boiling at 183°. When the dibromide is heated with alcoholic

potash it loses hydrobromic acid and is converted into monobromiso-

butcne C^H^Br, which by the action of silver oxide yields isobutyric

acid :

—

C(CH..), CH(Cll 3).,

II
+ 2Ag.,0 =

I
+ AgBr + Ag.,

CHBr CO.OAg

(3 Butene or Ethyl-vinyl C^Hg is produced by heating zinc-ethyl

and monobromethene (vinyl-bromide) in sealed tubes to 140°. It

boils at — 5°, nnd forms a dibromide boiling at 166°. From its mode
of formation it might have been expected that it was identical with

a butene, but as this is not the case, and as it also differs from iso-

butene, it must represent the third modification of butene, of which,

according to theory, three isomerides can exist (see page 176). The
reaction by which it is formed may be expressed thus :

—

CH,=CH + CH,—CH3 = CII3—CH=CH—CH3

There exist similar reactions in which, by joining two radicals

together, the double linking of two carbon-atoms is shifted in the

same way (see Crotonitrile).

OXYBUTYKIC ACIDS C^HgOg.

Butylactic Acid or a Oxybutyric Acid.—When butyric acid is heated

with bromine, a bromobutyric acid is formed, a liquid boiling with

partial decomposition at about 217°, On heating it with water and
silver oxide it yields a oxybutyric acid C3Hg(OH)CO,H, forming de-
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liquescent crystals grouped in rosettes. The a oxyhutyrates crystal-

lize well
;
the zinc-salt is sparingly soluble in water.

By the action of ammonia upon a bromobutyric acid, hutalanine or

a amidolmtyric acid C3
Hg(NH

2
)CO.,H is obtained, which crystallizes

in small needles.

The formation of oxybutyric acid from butyric acid corresponds to

that of lactic acid from propionic acid, from which it follows that

both oxyacids must have a similar constitution, i.e. the hydroxyl being

combined with that carbon atom which is linked to the carboxyl.

This appears the more probable as it has been found as a rule that

by the action of chlorine or bromine upon carbon atoms substitution

always takes place in the neighbourhood of other negative elements
(Cl, Br, 0). The constitution of a oxybutyric acid is explained by the

following formulae :

—

a Brombutyric Acid.

CH3

CH,
I

CHBr
I

CO.OH

Oxybutyric Acid.

I

CH,
I

“

CH.OH
I

CO.OH

/3 Oxyhutyric Acid .—By acting with acetyl chloride on monosod-
acetic ether, the ethyl ether of acetyl-acetic acid is formed :

—

CH3 CH3
1

COCl CO

CH,Na
1

CH3
1

“ •

CO.OC2H5
j

CO.OC2H3

On treating this ether with water and sodium amalgam it is con-

verted into sodium yS oxybutyrate :

—

I
+ 2II2O -b Na^

CH,
I

CO.OC,Hg

CH3

CH.OH
1

CH,

1

CO.OXa

-1- NaOH + C,H3.0H

By decomposing this salt with sulphuric acid, /3 oxybutyric acid is

obtained as a thick, syrupy, and very deliquescent li(][uid. The
oxyhutyrates are very soluble in v^ater, the zinc salt forming a brittle,

amorphous, and deliquescent mass.
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Oxy-isobutyric Acid is produced by oxidizing isobutene glycol, and
by the action of caustic baryta on bromisobutyric acid. The same
acid has been produced synthetically from acetone, by a reaction

quite analogous to that by which lactic acid is obtained from alde-

hyde. When a mixture of prussic acid, acetone, and hydrochloric

acid, after standing for some weeks, is boiled, the following reaction

takes place :

—

CII3 CH3
1

•
I

CO -f CNH + HCl 2H
2
O = HO.C—CO.OH + NH,C1

CII
3

By this reaction the acid was first obtained, and was therefore

called acdonic acid. Another synthetical process for preparing it

consists in heating methyl oxalate with methyl iodide and zinc, zinc-

methyl being first formed, which acts on the methyl ether in the

following way :

—

CH3 CH3

^CO.ZnCH
3 + Zn (

I

( OM3

CO.OCH3

CO.OCH,

CO.OCIL
+ 2Zn fCH3

\CH3

On adding water to the resulting crystalline mass, marsh-gas is

given off, and the methyl-ether of oxy-isobutyric acid (dimethyl -

oxalic acid) is formed :

—

CH3
CH„ CH3 CH3

\/ \/
CO.ZnCHg -f 2H,0 = C.OH -t- Zn(OH ).3 -|- CH,

I

"
I

CO.OCH3 CO.OCH3

Oxy-isobutyric acid is readily soluble in water, and crystallizes in

long needles, melting at 79°, boiling at 212°, but readily subliming at

a lower temperature. The zinc-salt is sparingly soluble in water, and
crystallizes in small hexagonal plates.

SUCCINYL COMPOUNDS.

SUCCINIC ACID C^HgO^.

This acid occurs in amber and some other resins, and in several plants

[Artemisia Absinthium, Lactuca virosa), and has also been found in

small quantities in the animal organism. Succinic acid is frequently
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met with amongst the products formed by the action of nitric acid upon
many carbon compounds. Thus all fatty acids containing more than

four atoms of carbon, when boiled with nitric acid yield succinic acid

and other acids of the same series.

Succinic acid is also produced by different kinds of fermentation,

in small quantities in vinous fermentation, in larger quantities in the

fermentation of malic acid, which acid, as well as tartaric acid, is

also readily converted into succinic acid by reduction (vide these

acids).

Succinic acid has also been obtained artificially from acetic acid,

ethene, and /3 chloropropionic acid :—
(1) When sodacetic ether is heated with ethyl chloracetate, ethyl

succinate is formed :

—

CO.OC
2
H

5

Cll
2
Na

CH,C1

I

CO.OC2H5

(2) Sucemoniirile C
2
H

4
(CN)2 is produced by heating ethene dibro-

mide with potassium cyanide and alcohol
;

it is a cr3^talline solid,

melting at 37° to a brown, oily liquid, and decomposing at a higher

temperature. On boiling it with caustic potash or with hydrochloric
acid or nitric acid, it yields succinic acid :

—

CN CO.OH
1

C
2
H, + 21101 T 4H

2
O = C

2
H, -j- 2NH,C1

ON CO.OH

Succinonitrile has also been obtained by the electrolysis of potas-

sium cyanacetate, a reaction which is quite analogous to the forma-
tion of ethane (dimethyl) from potassium acetate.

(3) When the ethyl-ether of /3 chloropropionic acid (see Glyceric
Acid) is heated with potassium cyanide, the ethyl-ether of /3 cyano-
propionic acid is formed. This ether, when heated with caustic

potash, yields potassium succinate and alcohol :

—

CN CO.OK
I I

C
2
H, . + 2K0H -H H2

O = C
2
H, -h NH3 + C

2
H

3
.OH

CO.OC
2
H

5 CO.OK

To obtain succinic acid in quantity, amber is subjected to destruc-

tive distillation, and the aqueous portion of the distillate heated to

CO.OC2H5

CH2

I

CH,
-t- NaCl

C0.02PI,
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the boiling-point and filtered. On cooling, crude succinic acid crys-

tallizes out, which is easily freed from adhering empyreumatic oils by
heating it with nitric acid.

It may also conveniently be prepared from the crude calcium salt

of malic acid, which can be procured in large quantities from the un-
ripe berries of the mountain ash or from rhubarb-stalks (see Malic

Acid). On adding six parts of water and a fourth part of brewer’s yeast

to this salt, and keeping the mixture at a temperature of 30°—40° for

a few days, carbon dioxide is evolved and acetic acid and calcium

succinate are formed, probably according to the following two
reactions :

—

(1) C.H.O^ + n^O = CJT,0, -f 200^ -f

(2) C,HA + H., = 0,11,0, + H,0

To obtain the free acid, the calcium salt is decomposed by sul-

phuric acid.

Succinic acid crystallizes in monoclinic prisms, melting at 180°

and decomposing at 235° into water and succinic anhydride. It is

soluble in about twenty -three parts of cold water and very readily in

boiling water. By passing a galvanic current through a concentrated

solution of potassium succinate the acid is decomposed into ethene,

carbon dioxide, and hydrogen :

—

I = C.H. + 2CO, + H,

When an aqueous solution of the acid containing an uranic salt is

exposed to sunlight it splits up into propionic acid and carbon

dioxide :

—

I
.. CO, + C,H,.CO,H

' The succinates of the alkali-metals are readily soluble in water
;

those of the other metals either sparingly soluble or insoluble. By
adding a neutral solution of ferric chloride to a neutral succinate a

brown gelatinous precipitate of ferric succinate is formed. This reac-

tion is made use of for the detection of this acid and for the separa-

tion of iron from manganese.

Ethyl Succinate C,If,0,-< is a colourless, oily liquid, insoluble

in water, and boiling at 217°. It is obtained by passing hydrochloric

acid gas into a solution of succinic acid in alcohol.

( C II
Ethylsuccinic Acid

jp
is produced by heating succinic

anhydride with absolute alcohol. It is a syrupy, sour liquid, soluble

in water and forming soluble salts.

Succinic Anhydride C,II,(h
5

is most conveniently prepared by dis-

tilling succinic acid with pliosphorus pentoxide. It forms shining
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crystals, melting at 120° and boiling at 250°. On boiling it with water

succinic acid is again formed :

—

C,H
4

fCO\
I CO/

0 + ii^o = c.n,
CO.OH
CO.OH

( COCl
Succinyl Chloride CgH^I COCl

pi’o^^^^^ced by the action of plios-

phorus pentachloride upon the acid or the anhydride. It is an oily

liquid, boiling at 190° and solidifying at 0° to tabular crystals. It

has a suffocating smell, fumes in the air, and forms, in contact with

water, succinic acid and hydrochloric acid, and with alcohol it yields

ethyl succinate and hydrochloric acid.

( CO.OH
SuljjJiosuccinic Acid CgHg-] SO.

2
.OH.—This strong tribasic acid is

( CO.OH
formed by the action of sulphur trioxide upon succinic acid, and
forms deliquescent crystals.

AMIDES OF SUCCINIC .A.CID.

f CO Nil
Succinamide C.

2
H^-j qq —When ammonia is added to ethyl

succinate the amide separates out in fine white needles, which are

readily soluble in hot but sparingly in cold water, and insoluble in

spirits of wine. On heating it melts, and at 200° decomposes into

ammonia and succinimide CgH^
| qq |

NH, a compound which is

also produced by the action of ammonia upon succinic anhydride,

and by the rapid distillation of ammonium succinate. Succinimide
is readily soluble in water and alcohol, crystallizing in rhombic
tables containing one molecule of water, which is readily given off on
exposure to the air. The anhydrous compound melts at 126° and
boils at 288°. On heating it with alcoholic ammonia to 100° it is

reconverted into succinamide. By adding an ammoniacal solu-

tion of silver nitrate to an alcoholic solution of succinimide, siker-

succinimide C
2
H^(CO)

2
iSrAg is formed, which crystallizes in four-sided

prisms. On boiling it with aqueous ammonia it takes up water, and
r CO NH

is converted into silver succinaviate C.,H, The free siic-
^

( OO.OAg
cinamic acid forms colourless crystals which sublime on heating

;
it

is soluble in water, and combines with it to form acid ammonium
succinate.
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SUBSTITUTION-PrtODUCTS OF SUCCINIC ACID.

When succinic acid is lieated with bromine and water in sealed

tubes, two substituted acids are simultaneously produced.

Monohromosuccinic Acid forms colourless crystals readily soluble in

water. On boiling its solution witli silver oxide, malic acid is formed :

—

f CO.OH
,

* orr n TT f CO.OII ,
. ^C

2
H

3
L1

^
QQ Qjj + AgOII — CgllgCOH)

I QQ Qjj
+ AgBr

Bibromosuccinic Acid is sparingly soluble in cold water and crystal-

lizes from a hot solution in prisms. It is also formed by heating

succinyl chloride with bromine and decomposing the bibromosuccinic

chloride thus formed with water. When sodium bibromosucciiiate is

boiled with water it yields acid sodium 'nionohroraomalatc ;

—

I
+ H,0 = C,H,(OH)Br

|
^0^ + NaBr

By boiling the free acid with silver oxide and water it is converted

into tartaric acid :

—

n Tj T> f CO.OH . rk I TT n tt /t^ttn f CO.OH , o a r»C21^2^ ^'

2
1 CO.OH

^ '^02^ d- H2
O — C2H2(0H)2 CO.OH ^

ISOSUCCINIC ACID.

This isomeride of succinic acid has been obtained from a bromopro-

pionic acid {see Lactic Acid) by a reaction analogous to that by which

/S bromopropionic acid has been transformed into succinic acid. By
heating a bromopropionic acid with potassium cyanide it is converted

into a cyanopropionic acid, which, when boiled with potash solution,

yields isosuccinic or methyl-malonic acid :—

CII„ CH
3

I I

'

CH—CN + 2H.,0 = CH—CO.OH + NII3

I

“
I

CO.OH CO.OH

It forms colourless crystals, being more freely soluble in water than

succinic acid
;
the solution of a neutral isosucciuate is not precipi-

tated by ferric chloride. It melts at 129°'5 aud decomposes when
heated above this temperature into carbon dioxide and propionic

acid. This acid is therefore a much less stable compound than suc-

cinic acid, the cause of tliis being that it contains two carboxyls

combined with the same carbon atom. In the chapter on the consti-

tution of the carbon compounds it has already been pointed out that
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in carbon compounds containing oxygen tlie carbon group is much
more readily decomposed than in compounds containing no oxygen,

and the two succinic acids show that such a separation of carbon

atoms takes place more readily, the nearer together the oxygen atoms

are grouped in the molecule.

MALIC ACID

Malic acid and tartaric acid, two compounds which are very widely

distributed in the vegetable kingdom, are very nearly related to suc-

cinic acid, bearing similar relations to the latter as glycollic acid does

to acetic acid
;
and therefore, although they have to be regarded as

compounds of triad and tetrad-radicals, they will most conveniently

be treated here.

Malic Acid is found in most kinds of sour h'liit, chiefly in unripe

apples, and in the berries of the mountain ash, and also in currants,

sour cherries, in the stalks and leaves of rhubarb, &c. Sweet cherries

contain neutral potassium malate.

The acid is readily obtained from rhubarb-stalks or from the

berries of the mountain ash at the time when they begin to ripen.

The stalks or berries are ground to a pulp and pressed out. The
juice is boiled and nearly neutralized with milk of lime. On boiling

the filtered liquid for some time calcium malate separates out as a

granular powder, which is washed with cold water and dissolved in

hot dilute nitric acid. On cooling, acid calcium malate is obtained

in large crystals, which are separated from the mother-liquid, and
dissolved in water. On adding lead acetate to this solution lead

malate is precipitated, which is washed and then decomposed by
hydrogen sulphide. Malic acid is obtained on evaporating the

aqueous solution in groups of small colourless and deliquescent

prisms, liaving a strong and agreeable sour taste. Its solution turns

the plane of polarized light to the left
;

whilst the acid obtained

artificially from succinic acid is optically inactive.

On heating malic acid with concentrated hydriodic acid, it is

reduced to succinic acid ;

—

C2ll3(0H)(C02U)2 + 2HI = C^II.CCO^H)^ + H.,0 +

When malic acid is heated with hydrobromic acid it is converted
into monobromosuccinic acid :

—

C2ll3(0H)(C02H)2 + HBr = C2H3Br(C02H)2 + H2
O

The malates of the alkali-metals are readily soluble in water.

Normal Calcium Malate C^H^OgCa -f 2H
2
O crystallizes in large

plates
;
on boiling its aqueous solution for some time it separates

as a granular powder C
4
ll40gCa 4- IlgO. Acid calcium malate
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+ SH^O forms large transparent crystals. Lead malaie
is a curdy precipitate which after some time changes into a crystalline

mass. On heating it with water a small portion dissolves, whilst the

remainder melts.

Malic acid contains one alcoholic hydroxyl, and forms consequently
ethers witli acid radicals and with alcohol radicals.

On passing hydrochloric acid gas into a solution of malic acid in

alcohol, ethyl malate C2H3(OH)
| qq ^ neutral liquid, which

decomposes on heating, is formed, together with the monobasic ethyl-

malie add C2H3(0I1)
|
qq’q^j[ •

lly the action of acetyl chloride upon ethyl malate the ethyl-ether

of acetylmalie acid is formed. This acid has the following constitu-

tion :

—

CO.OH
I

(.'11.00,1130

I

OH,

I

OO.OH

Ethyl acetylmalate is a liquid, boiling at 258®
;
on heating it with

caustic potash it is resolved into potassium malate, potassium acetate,

and ethyl alcohol.

A^f^DES OF MALIC ACID.

Malamide 02H3(0H)
| qq

produced by the action of

ammonia upon an alcoholic solution of ethyl malate. It forms colour-

less crystals, and combines readily with water, yielding ammonium
malate.

Asparagin or Amidosuccinamic Acid OIl3(NH2)
|

is found

in asparagus-shoots, in the roots of the marsh mallow and of liquorice,

in potatoes, and in large quantities in young vetches, peas, and beans.

To prepare it, young vetches before they get into flower are pressed
out, the juice heated to the boiling-point, filtered, and evaporated to

the consistenc}^ of a syrup. On standing for some time, asparagin
crystallizes out. It forms large transparent crystals containing two
molecules of water. It is a weak monobasic acid, forming crystalline

salts
;
at the same time it is an amine and combines with acids.

Nitrous acid decomposes it with the formation of malic acid.

y\Hpariie Acid or Amidosveewie Acid C2ll3(NIl2)
|

— The
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ammonium salt of this acid is produced by heating an aqueous solution

of asparagin to 120°. To prepare the acid, asparagin is boiled with
baryta-water

;
ammonia is given oh, and barium aspartate is formed,

which is decomposed by sulphuric acid, and the solution evaporated
to crystallization. It is a bibasic acid, forming crystalline salts.

When the acid silver salt is heated with ethyl iodide the ether

C2H3(NH2
)-| qq'q^jj is formed, a crystalline solid, which by the

action of aqueous ammonia yields asparagin and ethyl alcohol.

FUMARIC ACID AND MALEIC ACID C^H^O^.

These two isomeric acids are obtained by heating malic acid :

—

-F II2O

INIaleic acid distils over together with water, and is obtained in

crj'-stals on evaporating the distillate. It forms large plates, and is

very soluble in water. It melts at about 130°, and when kept at that

temperature for some time it is transformed into fumaric acid, which
on stronger heating is decomposed into water and maleic anhydride

0^11203, a compound which again combines with water, forming

maleic acid.

Fumaric Acid occurs also in many plants (Corydalis, Fumaria,

and Glaucium species).

It is most conveniently obtained by exposing malic acid for some
time to a temperature of 120°—150°. It crystallizes in prisms and
is sparingly soluble in water.

The two isomeric acids combine with nascent hydrogen, both being

converted into succinic acid. They also combine readily with bromine

;

fumaric acid yielding bibromosuccinic acid, from which it follows

that the constitution of fumaric acid is expressed by the following

formula :

—

Fumaric Acid. Bihromosuccinic Acid.

CH.CO.OII CHBr.CO.OH

II I

CH.CO.OII CHBr.CO.OH

Maleic acid forms with bromine isobihromosuccinic acid, the con-

CH2.CO.OH
stitution of which appears to be

|
,
according to which

CBr2.CO.OH
maleic acid would contain an atom of carbon with free combining

units.

C Q
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TARTARIC ACID 0,11/3^.
4 6 o

This acid exists in different isomeric modifications wliicli differ from

each other by tlieir ojitical projierties.

(L) Dextrotartaric Acid or Ordinary Tartaric Acid occurs in the

free state, and as an acid potassium salt in many kinds of fruit,

chieily in pine-apples, tamarinds, and in graiies. It is also formed by
oxidizing milk-sugar with nitric acid. It is prej)ared on the lai'ge

scale from crude tartar or inqiure acid potassium tartrate, which is

deposited in wine casks, the salt being less soluble in dilute alcoliol

than in water. Tartar is purified by dissolving it in hot water,

decolorizing the solution with animal charcoal, and subsequent crys-

tallization. The cream of tartar thus obtained is boiled with water
and chalk, insoluble calcium tartrate is formed, whilst the solution

contains normal potassium tartrate, which is also converted into the

calcium salt by precipitation with calcium cldoride. The washed
calcium tartrate is decomposed witli dilute sulphuric acid, and the

solution evaporated to crystallization.

Tartaric acid crystallizes in large transparent monoclinic ])risnis

possessing a very sour taste
;

it is readily soluble in water, and its

aqueous solution turns the plane of polarized light to the right.

When it is heated to 180° it melts, and is converted into isomeric

metatartaric acid, an amorphous deliquescent mass, which after some
time becomes crystalline. The metatartrates are very readily soluble

in water, and are reconverted into ordinary tartrates on boiling their

solutions.

On heating tartaric acid for some time water is given off and ditar-

taric acid Cgll^QO^^ is formed, a compound having probably a consti-

tution similar to that of the so-called lactic anhydride. It is amor-
phous and forms uncrystallizable salts, which on boiling their aqueous
solution take up water and are converted first into metatartrates and
then into ordinary tartrates.

When tartaric acid is rapidly heated it swells up, and is converted

into tartaric anhydride or tartrclic acid C^II^O^, a yellow deliquescent

mass, which also combines again with water to tartaric acid.

When tartaric acid is heated with concentrated hydriodic acid and
])hos})horus, it is reduced first to malic acid and then to succinic

acid.

TAUTRAT I'.S.

Normed Potassium
|

crystallizes in monoclinic

prisms, and is readily soluble in water. On adding an acid to its solu-

C Iv
tion the acid salt or cream of tartar is precipitated as a
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crystalline powder, wliicli dissolves in about 240 parts of cold water,

but more freely in boiling water. The two sodium tartrates are both
readily soluble.

( Jv
Hotassium'Sodium Tartrate or Rocltdlc Salt

-j + 411^,0

is obtained by neutralizing a boiling solution of sodium carbonate
with cream of tartar. It forms large rhombic prisms, and is freely

soluble in water.

Calcium Tartrate C^lI^(i)gCa + dll.^O occurs in crude tartar
;
it is a

crystalline powder, insoluble in water, but soluble in weak acids, in

ammonium salts, and alkalis.
r

Tartar Emetic is obtained by boiling cream of tartar

with water and antimony trioxide. It crystallizes in shining rhombic
octahedrons, containing half a molecule of water, and dissolving in

fourteen parts of cold and two parts of boiling water.

A similarly constituted compound, called tartarus horatus

I
is obtained as an amorphous, deliquescent, and very

sour mass on evaporating a solution of boric acid with cream of

tartar.

ETHERS OP TARTARIC ACID.

r Q IP
Ethyl Tartrate ^ non-volatile liquid, which is

formed by passing hydrochloric acid into an alcoholic solution of tar-

taric acid. On evaporating a solution of tartaric acid in absolute

alcohol, ethyl-tartaric acid C^II^O^
|

is left behind as a crystal-

line deliquescent mass. By the action of acetyl chloride on ethyl

tartrate the ethyl ethers of acetyltartaric acid and diaceiyltartaric

acid are formed. These acids have the following constitution :

—

Tartaric Acid.

CO.OH
OH
OH
CO.OH

Acctyltartaric Acid.

(
CO.OH

„ Jocoi/)
b OH
[ CO.OH

Itiacetyltartaric Acid.

CO.OH
OC2H3O
OCoH^O

( co.o ii

Nitrotarta.ric Acid C^H
2
(N03)204 .—This compound is obtained by

dissolving tartaric acid in concentrated nitric acid and adding sul-

phuric acid to the solution. A gelatinous mass separates out, which
is dried on porous porcelain plates, and dissolved in tepid water.

On cooling the solution to 0°, nitrotartaric acid crystallizes out. This

compound is a nitric ether, the two alcoholic hydroxyls of tartaric

acid being replaced by ^"
03 . It is a very unstable body

;
its aqueous
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solution decomposes on spoiitaiieous evaporation, and leaves tartronie

acid or luujmalonic acid behind :

—

CO.OII

1

CO.OII
CIIN03

I

I

= cii.oir + CO, + NJL
CHN03

1

I

CO.OII
CO.OII

On heating an aqueous solution of nitrotartaric acid it is oxidized
to oxalic acid. Ainnionium sul[)hide acts on it as on other nitric

ethers, tartaric acid being formed again.

EACEMIC ACID AND LEVOTAUTAEIC ACID.

Racemic acid occurs together with tartaric acid in several hinds of

tartar. It crystallizes in transparent rhombic prisms C^H^Og + Ilgb),

and is rather less soluble than tartaric acid
;
but in all other resi)octs

a very great resemblance exists between these two acids and their

salts, the chief difference being tliat calcium racemate is insoluble in

ammonium salts, and further, that crystallized normal racemates, con-

taining one metal, do not exhibit hemihedral faces, like the crystals

of the corresponding tartrates.

r>y neutralizing acid sodium racemate with ammonia, and allowing

the solution to crystallize slowly, two varieties of crystals are

obtained, each of them containing hemihedral faces (.5) (see Figs. 10

and 11 ), equal in number, and exactly similar in form, but developed

on opposite sides of the two crystals, so that each of them may be

regarded as a. reflected image of the other. On carefully separating

the.se crystals and converting them into the acids, two acids are

obtained, one being common or dcxtrotartaric acid, and the other a

very similar acid called JcvolaHaric acid, because it ])0ssesses left-

handed polarization. On dissolving equal jarts of the two acids in
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water, and allowing them to crystallize, we obtain again optically

inactive racemic acid, which therefore is a combination of the two
active acids.

INACTIVE TAKTAKIC ACID.

'I'his acid, which cannot be decomposed into the two active modifi-

cations, has been produced artificially from bibromosnccinic acid (see

page 222). An acid which is probably identical with this inactive

acid is formed by boiling oxalaldehyJe (glyoxal) with prussic acid

and hydrochloric acid, a synthetical process quite analogous to the

formation of lactic acid from aldehyde ;

—

CO.OH
I

COH CII.OH

1
+ 4hLO -f- 2CNH 4- 21IC1 = I -t- 2NtLCl

COH CH.OH

CO.OH

Tt has already been mentioned that by acting with sodium amalgam
on an alcoholic solution of ethyl oxalate, glycollic and tartaric acids

are formed, the latter being no doubt identical with that from
glyoxal. The reactions by which these acids are produced can be
easily explained.

Tlie sodium forms with the alcohol, sodium ethylate, and the nas-

cent hydrogen converts a part of the oxalic ether first into ethyl

glyoxylate and then into the glycollate ;

—

(
1
)

(2)

( C0(0C.H5)

(
C0(0C;H5) + H2 = fCOH

t CO(OC,HJ
+ HO.CJI,

j COH , tt - / CH2.OH
I CO(OC,-K^) + "2 -

I COCOC^H,)

But the two atoms of hydrogen can enter the glyoxylate one after

the other
;

if only one enters we have an unsaturated molecule, of

which two can combine and form ethyl tartrate :

—

CO.OC^Hg CO.OC2H5

I I

COH XT , CH.OH
I I _ Id’ XT r —

I

COH ’ CH.OH

CO.OC2H5 CO.OC.,TL

If we remember that, by simple reactions, oxalates can be formed

from carbon dioxide, we see that a few steps lead us from an inor-
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gallic substance of very simple constitution to a complex organic

acid. This is a point of great interest, because glycollates and tar-

trates occur together in grapes and the leaves of the wild vine.

The salts of inactive tartaric acid have a great resemblance to the

racemates.

The different modifications of tartaric acid can be transformed

into each other. Thus by combining either of the two active acids

with cinchonine and heating the salts to 170°, a resinous mass is

formed containing a large quantity of cinchonine racemate, and this

salt when heated for a long time is converted into the salt of the

inactive acid. When dextrotartaric acid is heated with a little water

in sealed tubes to 1G5°, a small quantity of racemic acid is formed,

together with a large quantity of the inactive acid, whilst when the

temperature is raised to 175° chielly racemic acid is formed. By
means of this reaction inactive acid obtained synthetically from
ethene has been transformed into racemic acid, which is identical

with that contained in grapes, and could be resolved into the two
active modifications. This is the first example of the complete
synthesis of a body turning the plane of polarization.^

When any of the four modifications of tartaric acid is subjected to

destructive distillation it gives off water and carbon dioxide, and three

new acids are formed :

—

I’yroraccniic Acid.

Pyrotartaiic Acid.

2C,H,Oo = + 3C0.2 + 21lp

Pyrotritaric Acid.

3C,HgOg = C-IIgOg + 5CO., + SH^O

Pyroracemic or Pyruvic Acid Cgll^Og is a colourless liquid possess-

ing a pungent smell like acetic acid, and boiling at 165°. It com-
bines with nascent hydrogen, and is transformed into lactic acid, to

which it stands in the same relation as dimethyl ketone to secondary
propyl alcohol ;

—
Cllg OIL

I
I

CO 4-ii2 = cir.0H

I I

co.on co.oii

On boiling pyruvic acid or a pyruvate with water it changes into a
non-volatile syrupy modification, Mdiich forms amori)hous salts. On
heating this substance, which is [)robably a polymeride of the volatile

acid, it is resolved into carbon dioxide and pyrotartaric acid :

> On page 43 it is said “ that no carbon compound prepared by synthesis has been
found to be optically active,” the above reaction not being known at the time when
this was printed.
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20311,03 = CO2 + C.II^O,

Pyrotartaric acid is homologous with oxalic acid, and will be

described later on.

COMPOUNDS CONTAINING FIVE ATOMS OF CARBON.

Three isomeric olefines having the formula are known, viz.

pcntenc or isomnylene, amyhne or aiiune, and mcthyl-ethylethcne

:

—
Pentenc. Amylene. Methyl-ethylethene.

CH3

1

CII3 CH3 CII3

1

CII2 CII
1

CIT.2

j

CH, CIT
1

C—CII3

1

II
11

OH
il

CII.,

CH., CII.,

Pentenc has been obtained synthetically by the action of zinc-ethyl

upon allyl iodide CH
2
=C 1 I—CH

2
T. It is also formed by heating

secondary pentyl chloride with an alcoholic solution of caustic potash.

It is a limpid liquid boiling at 39°. The derivatives of this hydro-

carbon have been very little studied
;
with bromine it forms pcntenc

(lihromich C
5
H,QBr

2 ,
boiling between 170° and 180°.

Amylcne or Iso'pro'pyhtluno is conveniently prepared by mixing one
part of amyl alcohol with parts of fused zinc chloride, and distilling

the mixture after standing for some time. The distillate contains

besides amylene also polymerides as diamylenc C,qH.,q, triamylcnc

C15
H

30,
tctra-amylenc C20H40J other hydrocarbons. Amylene boils

at '35°.

Amylene Bibromide C
3
H,QBr

2
is a heavy colourless liquid boiling

between 170° and 175°. On heating it with silver acetate it yields

amylene diacetate, which on distillation with caustic baryta is converted

into amylene glycol C
5
H,q(OII)

2 ,
a compound which has also been

obtained by the direct union of amylene with hydrogen dioxide. It

is a thick colourless liquid having a sweet taste, and boiling at 177°.

Mcthyl-ethylethcne has been produced by the action of alcoholic

yiotash on dimethyl-cthylcarbyl iodide C(CH3)q(C2Hf;)I. It is a limpid

liquid having a peculiar smell, and boiling at 35°. It combines readily

with fuming hydriodic acid, the tertiary iodide being re-formed.

Oxyvalefi'ianic Acid C5Hg(OH)02 is obtained by heating bromo-
valerianic acid with water and silver oxide

;
it forms large tabular

crystals melting at 80° and readily subliming. On heating bromo-

valerianic acid with ammonia it is converted into amidovolerianic odd
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or hutalanine C5Hg(NH2)02, a compound wliicb occurs in the spleen

and tlie pancreas of tlie ox. It crystallizes in small plates, and can

be sublimed.

Etliometlioxalic Acid C5Hg(0H^02 has been obtained by heating

ethyl oxalate with zinc and a mixture of ethyl- and methyl iodides.

It forms colourless crystals melting at 63°. The following formuhe

explain the constitution of these two isomerides :

—

Oxyvalerianic Acid.

OIL, CiL
\/
CH

I

CH.OH
1

CO.OH

Ethomethoxalic Acid.

CII3

I

CII2

1

CH.3-C.OH
I

CO.OH

Pyrotartctric Acid or Mciliyl-succinic Acid C^HgO^.—To prepare this

acid from tartaric acid the latter is mixed with an equal weight of

finely powdered pumice-stone and distilled. On evaporating the

distillate the acid is obtained in transparent crystals melting at 112°

;

at a higher temperature it is resolved into water and ]yyrotartaric

anhydride CgHgOg.

On heating propene dibromide with potassium cyanide and spirits of

wine, the nitrile of pyrotartaric acid is obtained. I’yrotartaric acid

is also produced by boiling j3 cyanobutyric acid with an alkali :

—

Propene Dicyanide. iS Cyanobutyric Acid. Pyrotartaric Acid.

CH3 CN CH3 CN CIL CO.OH
\/ \/ \/
CH CH CH

I

CH2
I

CH2
1

CII2

I

CN
1

CO.OH
I

CO.OH

Ethylmalonic Acid C^TIgO^.—When a bromobutyric acid is heated
with alcohol and potassium cyanide, and the product thus formed
boiled with potash solution, the potassium salt of ethylmalonic acid

is obtained;

—

a Bromobutyric Acid.

CII3

[

^

a Cyanobutyric Acid.
“ CH3

1

^

Ethylmaloiuc Acid.

CII3

CII2 CII2
1

CH,
I

CHBr
1

I

CH-CN
1

C 11—CO.OH
1

CO.OH
j

CO.OH
1

CO.OH
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Ethylmalonic acid crystallizes in colourless prisms resembling

pyrotartaric acid, and melting like the latter at 112° Both acids can,

however, easily be distinguished by heating them
;
pyrotartaric yields

a crystalline sublimate of the anhydride, whilst ethylmalonic acid is

completely resolved into carbon dioxide and butyric acid, the former

acid being methylsuccinic acid, and the latter methylisosuccinic acid.

Glutamic Acid C3H5(NH2)
| qq qH’ ^ i^oi^iologue of aspartic acid,

is produced, together with the latter body and other compounds, by
boiling legumin and conglutin (see Albuminous Principles) with dilute

sulphuric acid. It crystallizes in rhombic tetrahedrons, and is con-

verted by the action of nitrous acid into glutanic acid C3H5(0H)(C02H),
an indistinctly crystalline mass, forming amorphous salts.

r QQ QPJ
Deoxyglutanic Acid C3H3

1 qq'qjj produced by heating glutanic

acid with concentrated hydriodic acid to 120 °. It is very, readily

soluble in water, and forms large, transparent, monoclinic crystals

melting at 97 °, and decomposing above 280 ° into water and the

anhydride C5Hg03. This reaction explains the constitution of deoxy-
glutanic acid, and shows that it is a normal compound, because only
four isomerides having the formula C3Hq(C02II)2 can exist, viz. :

—

CO.OH CH3 CO.OH CO.OH CO.OH CO.OH CO.OH
1

CH
\/
CH V \ /

\/
1

CH C
1

CH2 CII2 1

CH
/\
/ \

1

1 CII3 CII3
CH,

1

CO.OH 1

CH3
0 0

CO.OH

The second of these formulie represents the constitution of

pyrotartaric acid, and the third that of ethylmalonic acid
;
deoxy-

glutanic acid must therefore have either the constitution represented

by formula 1 or 4 . But an acid of this composition having linked

two carboxyls to the same carbon atom would on heating (analogous

to ethylmalonic acid) be resolved into carbon dioxide and isobutyric

acid, whilst deoxygliitanic acid yields an anhydride and water, from
which it follows that it must have the constitution assigned to it.

COMPOUNDS CONTAINING MORE THAN FIVE ATOMS OF CARBON.

Hexene or Hexylene CgH^2 occurs in the light oils from boghead and
cannel-tar, and is readily formed by heating the secondary chloride or

iodide of hexyl with alcoholic potash; it boils at 70°. Ilexcnc ylycol

( gl 112(011)2 is a tliick liquid boiling at 207 °.
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Hellene or llcptylenc occurs in tlie same oils in which liexene

is found, and has been obtained from secondary lieptyl chloride. The
same hydrocarbon is formed by acting on oenanthaldeliyde witli

phosphorus pentachloride and decomposing the cenanthidene chloride

C7Hj^C 1.2 thus formed with sodium. It boils at 100'^.

Octenc or Octylene a liquid boiling at 125°, is found together

with its lower homologues, and is readily obtained by distilling

methyl-hexyl carbinol with zinc chloride. Octene glycol CgH^g(OH)2
is insoluble in water and boils at 235° to 240°.

Diamylene —To prepare this hydrocarbon one volume of

amylene is shaken with two volumes of a mixture, consisting of two
volumes of concentrated sulphuric acid and one volume of water, in

stoppered cylinders which are surrounded by ice-cold water. It boils

at 100°. On beating it with a solution of potassium dichromate in

dilute sulphuric acid, it is oxidized to diamylene oxide C\oH.2qO, a

mobile light liquid boiling between 180° to 190°, and possessing a

strong smell like camphor. On further oxidation it yields carbon

dioxide, acetic acid, and amethenic acid an oily litpiid, which
is isomeric with oenanthylic acid, from which it dilfers however by
exhibiting only very feeble acid properties.

Cctcne CjgHgg is produced by the distillation of cetyl alcohol with

phosphorus pentoxide, and also by the destructive distillation of

spermaceti. It is an oily liquid, boiling at 275°. Cetene dibromidc

CjgHggBr., is a heavy non-volatile liquid. When cetene is shaken

with a dilute solution of hypochlorous acid, they combine forming
f CT

cetene chlorhydrate C^jglTgg

|
q^, a liquid boiling at about 300°, and

yielding by the action of caustic potash, cetene oxide Cj^gllg.^O, colour-

less needles which are insoluble in water.

Cerotene C27H54, a crystalline solid, has been obtained by the destruc-

tive distillation of Chinese wax.

Mclene Cgollg^ is produced by subjecting bees-wax to distillation
;

it

crystallizes from hot alcohol in scales, melting at G2°.

LEUCIC ACID AND LEUCINE.

Leucine or Amido-isocajn'oic Acid CglTjj(Nll2)02 occurs in several

parts of the animal organism, and is formed in certain diseases in con-

siderable quantity. It is also produced by tlie decomposition of

animal substances such as glue, horn, and proteids, and during putre-

faction, and is therefore contained in old cheese. It is readily obtained

by boiling liorn-turniugs with dilute sulphuric acid, and has also been

produced artificially by boiling valeraldehyde with prussic acid and

hydrochloric acid, ns well as by the action of ammonia upon mono-

bromo-isocaproic acid.

It crystallizes in white shining scales, which are but little soluble
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in cold water, and still less so in alcohol. It melts at 170°, and at a

higher temperature it is resolved into carbon dioxide and amylamiiie.

On fusing it with caustic potash, it yields potassium carbonate, am-
monia, and potassium valerate. By heating it with fuming hydriodic

acid it is converted into isocaproic acid.

By dissolving it in dilute nitric acid, and passing nitric trioxide

into this solution, nitrogen is given off, and leucic acid 1
) 0.2

formed, crystallizing in needles, melting at 73°, and subliming readily

below 100 °.

l>y the action of zinc and ethyl iodide upon ethyl oxalate an acid

isomeric with leucic acid, called diethoxalic acid, has been obtained.

It crystallizes in large prisms melting at 74°'5. The iso]uerism of

leucic acid and diethoxalic acid is explained by the following

formula' :

—

Loucic Acid. Diethoxalic Aciil.

CII
3
CTI

3 CH
3
CH

3

II'\/
Cll CII

2
CII.,

1

CII
2

\/
C.OIl

1

1

CH.OH
1

CO.OH
V

CO.OH

^Vhether the leucins of different origin are identical, or whether
perhaps some are derived from normal valerianic or pentylic acid,

is a question which has yet to be decided.

ACIDS OF THE SEIUES Cnll2n_204.

The acids of this series containing more than 5 atoms of carbon
are formed, together with succinic acid, by oxidizing fats with nitric

acid. From the mixture thus obtained pure acids cannot be isolated

by recrystallization from water, but they may be separated by means
of ether, in wliich some are much more soluble than others.

The same acids are formed by the action of fuming nitric acid upon
the acids of the series C„IL„_4 0 .^, which will be described further on.

Adiinc Acid Cgll^QO^ is conveniently prepared by boiling sebacic
acid with nitric acid, and recrystallizing the product from water to
remove succinic acid. The same compound has been produced l)y

heating /3 bromopropionic acid with silver- dust:

—

CH
2
Br CO.OH CO.OII

I
I 1

CH, -I- cn^ + Ag. = CjH. + 2AgBi-

I I

-
I

. o

rO.OH CHjP.r CO.OII
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It crystallizes in shining prisms, melting at 148 °, and is readily

soluble in boiling water, but only sparingly in cold water.

When one molecule of adipic acid is heated with two molecules of

bromine to 160°, monohromadiinc acid CgH^jllrO^ is formed, which by
the action of caustic potash is transformed into adipomalic acid

C^H7(0H)(C0.0H)2, a body resembling malic acid. By heating

adipic acid with four molecules of bromine, dibromadi'pic acid is pro-

duced, a very unstable compound, which, when heated with water to

150°, yields CLdipotartaric add 0^11(5(011)2(00.011)2, crystallizing in

thin monoclinic plates. It resembles tartaric acid, forming an acid

potassium salt, which is but sparingly soluble in water.

Dimcthylsuccinic Acid 0(jH^o04 has been obtained by the action

of silver-dust on a bromopropionic acid :

—

OII
3 00.011

OIlBr

OHBr
/\

OII
3 00.011

OII3 OO.OH
\/

+ ^82 =
OH,

0H„
2AgBr

OH3 OO.OH

On evaporating its solution it is left behind as a colourless syrupy
licpiid.

Fimelic Acid 0741^204-—There are some doubts whether this acid

exists among the oxidation-products of fats, but it has been obtained

by fusing camphoric acid 08H^^(002H)2 with caustic potash. It is

crystalline, and melts at 114°.

Suberic Acid 08llj^04 was first obtained by oxidizing cork with
nitric acid. It can be easily obtained in quantity by boiling castor-

oil with nitric acid, fusing the resulting solid mass, and exhausting

it. with cold ether, in which suberic acid is scarcely soluble. It crys-

tallizes from a boiling aqueous solution in long needles or plates,

melting at 140 °. When heated with caustic baryta it yields hexane,

besides other products :

—

Cciii-2
{ caoH

=

By the same reactions by which succinic acid is converted into

malic acid and tartaric acid, suberic acid has been transformed

into siibcromalic acid C^H44(OH)(CO.OH)2 and subcrotartaric acid

C(.Hio(OH)2(CO.OH), which arc both very soluble in water, and do

not crystallize.

Azdaic Acid 0,5114,504 is formed, together with suberic acid, by

oxidizing castor-oil. It is readily soluble in cold ether, sparingly in

cold water, and more freely in boiling water. It ciystallizes in large,

thin, shining plates or needles, melting at 106 °. On heating with

caustic baryta it yields heptane CU14,,.

Sebacic Add Cj„ll4804 is obtained, together with methyl-hexyl
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carbinol, by fusing castor-oil soap with caustic alkalis, and it is also

produced by oxidizing spermaceti with nitric acid. It forms shining

plates, melting at 128°. It is less soluble in ether than azelaic acid,

but more than suberic acid.

Brassic Acid C^jH
2o^4 produced by heating behenoleic

acid C.,.
2
H^/).2 with fuming nitric acid :

—

+ 3O2 =

It is sparingly soluble in water, forming scaly crystals, melting at

U)8°-5.

Rocdlic Acid C\7ll320^ occurs in different species of lichen (Rocclla

tinctoria, R. fuciformis, &c.). I’o prepare it, the lichens are ex-

hausted with ammonia, the solution is precipitated with calcium

chloride, and the precipitate of calcium rocellate decomposed by
hydrochloric acid, llocellic acid is insoluble in water, but readily

soluble in alcohol and ether, and crystallizes in prisms melting

at 132°.

CTTrJC ACID CcHgOr.

This tribasic acid occurs in the juice of lemons, of currants and
gooseberries, and other kinds of fruit. It is manufactured from
lemon-juice, which is allowed to ferment in order that mucilage and
other bodies may separate out. The liquid is then heated to the

boiling-point, filtered, and neutralized with chalk and a little milk
of lime. The insoluble calcium citrate is well washed and decom-
posed by sulphuric acid. Citric acid crystallizes in large, trans-

parent, rhombic prisms, possessing an agreeable sour taate.

CITRATES.

The citrates of the alkali- metals are soluble in water. They
form three series :

—

C,II,0, CoHA
1
K
K
K

Calcium Citrate (CQH50^).2
Ca

3
is a white crystalline powder which

is sparingly soluble in cold water, and still less in boiling water.
On neutralizing citric acid in the cold with lime-water, no precipitate

is formed; but on boiling the liquid, calcium citrate separates out,

which on cooling slowly redissolves. It is freely soluble in a solu-

tion of citric acid, forming the acid salt CgllgOy-l^ -f II<,0, which

crystallizes in shining plates.
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Silver Citrate Cgll^O^Agg is a wliite flocculeiit preeixAtate, wliicli

can be crystallized from boiling water.

Methyl Citrates .—On x)assing liydrocliloric acid gas into a solution

of citric acid in methyl alcohol, the following comxDOuiids are formed,

which are all crystalline solids :

—

^lethylcitric Acid. Dimetliylcitric Acid. Methyl Citrate.

c

Ethyl Citrate is an oily, non-volatile liquid.

Citric acid contains one alcoholic hydroxyl, and forms conse-

quently also ethers with acid radicals. Tims, on treating ethyl citrate

with acetylchloride the ethyl-ether of acetylcitric acid is formed,

0311^1 ^ liquid boiling at 288°.

By acting with chlorine or bromine upon an aqueous solution of

the acid or a citrate, decomposition takes ^jlace with the formation

of chloroform or bromoform, and substitution-jDroducts of methyl
acetate.

Citric acid melts at 150°, and is resolved at 175° into water and
aconitic acid :

—

C3H3O, = ICO -f-

rcic

in
OolCO.

Uh
CIL
CIL

1
^113

CMAX-l CH
7 i

( CII3

ACONITIC ACID C^HgOg.

This tribasic acid occurs in several plants (Acoiiitum Napcllus,

Delphinmm consoliclwn, and Equisetum Jhiviatile). It is best pre-

X>ared by heating citric acid quickly until oily drops begin to condense

in the neck of the retort. The residue is exhausted with ether, in

which aconitic acid dissolves. It forms crystalline grains, readily

soluble ill water, and possessing a strong acid taste!

By the action of sodium amalgam upon its aqueous solution it is

converted into tribasic trico.rhallylic acid C3II3O3, which is also ob-

tained by heating propenyl tribroniide C3ll5Br3 (see Glycerin) with

potassium cyanide, and decomposing tlie nitrile thus formed witli

caustic xiotash.

These reactions exxdain the constitution of these three acids :

—

Tricarballj-lic Acid.

CM2.CO.OlI

CII.CO.OII

Aconitic Acid.

cn,.co.oM

c.co.on

!l

CII.CO.OII

Citric Acid.

CIL.CO.OII

I

CH.CO.OH

CH2.CO.OII CII.CO.OII CH(OH)CO.OH

Itaconic Acid C5II3O4 is formed by distilling aconitic acid ;

—

= CO2 + cjy),
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It is readily obtained by heating citric acid rapidly until the distil-

late begins to assume a dark colour. The li(|uid thus obtained is

heated to 120 °, and the crystals which form on cooling are recrystal-

lized from water. It is also formed by heating an aqueous solution of

citric acid in closed tubes to 1 G 0 °. It forms large rhombic prisms

])ossessing a sour taste. It melts at 1 G 1°, and is decomposed by dis-

tillation into water and the anhydride of citraconic acid.

Citraconic Acid is isomeric with iiaconic acid, and is obtained by

repeatedly distilling the latter acid
;

citraconic anhydride C^ll^Oy

being formed, an oily liquid, which when exposed to the air absorbs

moisture, and is converted into citracoidc acid, forming rhombic

octahedrons melting at 120°. On heating it with water to 120° it is

again converted into itaconic acid.

hksaconic Acid.
—'When itaconic acid is boiled Math weak nitric

acid, a new isomeric modification is formed, which crystallizes from

alcohol in shining prisms, which are sparingly soluble in water, melt

at 208°, and sublime at a higher temperature.

These three isomeric acids are non-saturated compouiids which
combine with nascent hydrogen, all tliree yielding one and the same

product, viz. injrotartaric acid C3Hg
CO.OH
co.oir

To explain the iso-

merism of itaconic, citraconic, and mesaconic acids C^H^
|'co'oil

we must assume that in the propene group Cgll^ of pyrotartaric acid,

two atoms of liydrogen are wantin occupying diflerent positions.

This is proved by tlie fact that the three acids, on combining with
bromine or with hydrochloric acid, yield isomeric substitution-pro-

ducts of pyrotartaric acid.

Bibromopyrotartaric Acid C3H^Br2(CO.OH)2 is obtained by adding
bromine to an aqueous solution of itaconic acid. On heating it with
water and silver oxide it is converted into an acid ivliich, beimr
homologous with tartaric acid, has been called itatartaric acid
C3H4(0H)2(C0.01I)2. By boiling an aqueous solution of sodium
bibromopyrotartarate it is resolve.d into sodium bromide and aconic

acid = 03112(00.011)2.

This acid forms large crystals melting at 154°
;

it is a monobasic
ncid. On boiling it with baryta-water it is resolved into formic acid
and succinic acid. It is not acted upon by heating it with acetic

anliydride, showing that it contains no liydroxyl, and has probably
the following constitution :

—

00

OH
\
/0
—011 .

2
—00.011

Gitrabih'omopyrotarlaric Acid O3lljh-2(OO.OH)2 is obtained by
combining bromine with citraconic acid. It is readily soluble in

water, and yields, on boiling its solution with potash, potassium bro-

mide, potassium carbonate, and monobromo-isocrotonic acid 0
^
11 . BrO.,.
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Mesahibrnnopyrotaftaric xicid C3lI^Br.,(CO.OH)2.— Mesaconic acid

combines readily with bromine, yielding this acid, which by the action

of alkalis is also converted into monobromo-isocrotonic acid. By the
action of sodium amalgam and water on monobromo-isocrotonic acid
it is converted into isobutyric acid.

Monochloro’pyrotartaric Acid Cgll^C^CO.OH)^ is produced by heat-

ing itaconic acid with concentrated hydrochloric acid. It melts
at 140°, and yields, when heated with water, itamalic acid

03115(011) (CO.OH).^, long, white, deliquescent needles, which when
strongly heated are resolved into water and itaconic acid,

Citramonochloropyrotartaric Acid CgHgC^CO.OH).^.—This com-
pound, which is formed by heating citraconic acid with hydrochloric

acid, is a very unstable body, easily splitting up into hydrochloric and
mesaconic acids. On heating its solution with an alkali it is resolved

into carbon dioxide, hydrochloric acid, and isocrotonic acid.

Mesamonochloropyrotartaric Acid is a more stable body than the

preceding acid, but yields by the action of water and alkalis the same
products as the latter.

Monochlorocitramalic Acid C3H^(OH)Cl(CO.OH)2 is an amorphous
substance formed by the union of citraconic acid with hypochlorous

acid. On heating its aqueous solution with zinc, amorphous and
deliquescent citramalic acid C3ll5(OH)(CO. 011)2 is obtained. When
the neutral solution of a monochlorocitramalate is boiled, citratartaric

acid C3H^(011)2(00.011)2 is formed.

DEOXALIC ACID CgHgOa.

The ethyl-ether of this acid is produced by shaking ethyloxalate

with sodium amalgam at a low temperature. The resulting soft grey

mass is exhausted with ether, which dissolves ethyl desoxalate, whilst

the residue contains mercury, sodium oxalate, and other undefined

bodies.

Ethyl Dcoxalate 031150^(02115)3 is soluble in water, and forms

large transparent crystals. On boiling it with baryta-water it is con-

verted into barium dcoxalate 03ll^Ba20,j -f SllgO, a white amorphous
powder. Ammonium dcoxalate 03H5(N1IJ30<) + II2O is obtained by
decomposing the barium-salt with ammonium carbonate. By adding

silver nitrate to its solution, silver dcoxalate O^H^Ag^Og -f II2O is

precipitated, a very unstable body, which, when exposed in the moist

state to the daylight, decomposes, silver separating out in form of a

mirror.

The free deoxalic acid is not known. On decomposing the silver

salt with hydrogen sulphide, and evaporating the solution, the acid is

resolved into glyoxylic acid and inactive tartaric acid :

—

CgllgOg = CJlgOg + Cgll.^Og
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By the action of acetic acid upon potassium deoxalate tlie com-
pound 05114X203 -1- H2O is produced. The corresponding acid O5H5O3
is tribasic, and can be obtained by decomposing the lead salt with
hydrogen sulphide

;
it is a crystalline deliquescent mass.

The formation of deoxalic acid from oxalic acid can be easily ex-
plained. The latter acid is first reduced to glyoxylic acid, of whicli

three molecules combine with hydrogen, forming deoxalic acid :

—

COjlI

I

iic.o-cii(oii)-co2n

CH.OIl

I

CO2H

This formula explains the decomposition of the acid into tartaric

and glyoxylic acids. Deoxalic acid is tribasic, but as the bariurn-

and silver salt show, one atom of hydrogen in one of the alcoholic

hydroxyl groups can also be replaced by a metal.

CO2II

3
j

H, =
con

URIC ACID C5H4N4OS.

Uric acid occurs in the urine of all animals. The excrements of

serpents consist almost entirely of uric acid and ammonium urate,

and those of birds and insects contain a large quantity of these com-
pounds. Human urine, and that of animals feeding on flesh or

corn, contain only a small quantity of uric acid, and still less is

found in the urine of herbivorous animals.

Being very sparingly soluble it often separates from urine as a

crystalline precipitate
;

if this takes place in the bladder, gravel and
stones are produced. In certain diseases, as in gout, acid sodium
urate crystallizes out in the muscles and between the joints.

For the preparation of uric acid either guano or excrements of ser-

pents are used. The excrements, or guano which has been previously

treated with dilute hydrochloric acid, are dissolved in dilute hot

potash-solution, and the uric acid precipitated by dilute sulphuric acid.

Uric acid is a white crystalline powder, without taste and smell
;

it

is almost insoluble in cold water, and only sparingly in boiling water.

In alcohol and ether it is insoluble, but it is readily soluble in hot

concentrated sulphuric acid, and separates out again from this solution

on addition of water.
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URATES.

Uric acid is a bibasic acid. The normal salts of the alkali-metals

are not very freely soluble in water
;
the most soluble being lithium

urate; potassium urate is less soluble, and sodium urate the least

soluble salt. By passing carbon dioxide into their solutions, acid

urates are precipitated, being less soluble than the normal salts. The
urates of the other metals are insoluble.

Uric acid can easily be detected, even when present in small

quantity, by dissolving it in a few drops of nitric acid, and evapo-
rating the solution cautiously nearly to dryness. A yellow residue is

obtained, which assumes a deep-red colour on addition of ammonia
(see Murexide).
By destructive distillation uric acid yields cyanuric acid, ammonium

cyanide, urea, and other products.

On heating it with hydriodic acid to 1G0° to 170° it is resolved

into glycocoll, ammonia, and carbon dioxide :

—

Cgll^N^Oa -f 5H2O = C2H5NO2 -1- Smi, -f- 3CO2

By the action of cold nitric acid it is oxidized to alloxan and
urea ;

—

C5H4N4O3 -f 0 4- H2O = CJI2N2O, CII,N20

Alloxan C^H
2
U204 is mesoxalyl-iirea, i.e. urea in which two atoms

of hydrogen are replaced by the dyad radical mesoxalyl C
3
O

3
.

This reaction shows that uric acid contains three atoms of carbon
linked together. Its constitution is not yet exactly understood

;
the

following formula does not appear improbable, as it explains most of

the reactions and decompositions of this acid :

—

HN— C = N
I I I

OC CO CO
I I I

IIN—Cir—Nil

Uric acid is remarkable for the facility with which it is altered by
oxidizing agents, and for the great number of interesting derivatives

which it thus yields. IMost of these ureids are compound ureas or

urea in which a part of the hydrogen is replaced by acid radicals.

Mycomelic Acid C
4
II

4
N

4
O

2
.—When uric acid is heated wdth water

in sealed tubes to 180°, mycomelic acid is formed. This compound is

of great interest, as it has lately been obtained by a very simple

synthetical process. Equal volumes of cyanogen gas and ammonia
combine, forming a black amorphous body called hydrazidmin C^IfgNg

;
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by acting on it with water it is converted into hydrazulmoxin or

azulmic acid ;

—

+ H,0 = + NH3

This compound is also produced by the spontaneous decomposition

of an aqueous solution of cyanogen gas, and by the action of this

gas on aqueous ammonia. When azulmic acid is boiled repeatedly

with water, it is converted into mycomelic acid :

—

+ H^O = C.H.N.Oj + NH3

iMycomelic acid is a light yellow powder, very sparingly soluble in

cold water, and little more in boiling water. In acids and alkalis it

is freely soluble. Its aqueous yellow solution shows a fine greenish

blue fluorescence, and when dropped into water forms beautiful sky-

blue clouds.

Alloxan or Mcsoxalyl-urca C^HglSTgO^.— Cold nitric acid dissolves uric

acid with evolution of carbon dioxide and nitrogen, and when the

solution is saturated it solidifies to a crystalline mass of alloxan.

Alloxan crystallizes from a warm aqueous solution in crystals

resembling heavy spar, and containing four molecules of water. From
a hot concentrated solution it separates on evaporation in hard
rhombic crystals, containing only one molecule of water. Its aqueous
solution stains the skin red, and confers on it a nauseous smell. It

possesses an unpleasant sour-salty taste, and an acid reaction. With
ferrous salts it gives a blue coloration. When alloxan is boiled with
ammonia it is converted into mycomelic acid :

—

4- 2NH3 = C,H,N,02 + 2H2O
i

Alloxanic Acid C^H^ISTgOg,—The salts of this acid are produced by
the action of alkalis upon alloxan. It is conveniently prepared by
heating a solution of alloxan and barium chloride with potash

p solution, which has to be added gi'adually until the precipitate formed

i does not longer redissolve. On cooling, barium alloxanate separates

!

out as a crystalline powder, which is decomposed by sidphuric acid.

The acid is readily soluble in water, and crystallizes in white needles,

Mesoxalic Acid C3H2O5.—When barium alloxanate is boiled with a

P large quantity of water it is resolved into urea and barium mesoxalate.

I This reaction will be easily understood by comparing the following

1 formulae :

—

Alloxan. Alloxanic Acid. Mesoxalic Aciil.

CO—NH
1 1

CO NH CO.OH
1 1

CO CO
1 1

1 1

CO CO CO
1 1

CO—Nil
1 1

CO.OH NIC
1

CO.OH
K 2
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Mesoxalic acid forms deliquescent crystals. By the action of

nascent hydrogen it is converted into tartronic acid (see page 228).

Silver mesoxalate is an insoluble precipitate, which when boiled with

water is decomposed into free mesoxalic acid, silver oxalate, carbon

dioxide, and metallic silver :

—

SCgOgAgg + HgO = C3O5H2 + + CO2 + Ag2

Dialuric Acid or Tatronyl-urea 0411^X204 produced by tlie action

of reducing agents upon alloxan
;
thus it is formed by mixing hot

solutions of stannous chloride, hydrochloric acid, and alloxan :

—

CO—NH CO NH
II II
CO CO + 2HC1 + SnCL = IIC.OH CO + SnCI.

II II
CO—NH CO NH

It crystallizes in short, four-sided prisms, and has a strong acid

reaction
;
when exposed to the air it absorbs oxygen, and is converted

into alloxantin.

Alloxantin CgH^N^O^.—This body is formed not only by the

oxidation of dialuric acid, but also by reducing alloxan with hydrogen
sulphide. It is a compound standing intermediate between dialuric

acid and alloxan, and is therefore also obtained, as a crystalline

precipitate, by mixing concentrated solutions of these two com-
pounds :

—

CO—CO CO—Nil CO—CO CO—NilIII I I I I I

CO NH + CH.OH CO = CO N—CII CO + ILOIII I I I I I

NH—CO CO NH NH—CO CO—NH

It crystallizes in small hard prisms containing three molecules of

water. When exposed to the air it absorbs ammonia and assumes a

reddish colour. Its aqueous solution gives with baryta-water a violet

precipitate, which when boiled with water is resolved into barium
dialurate and alloxanate.

Uramile or Dialuramidc C4II5N3O3.—When alloxantin is boiled

with a solution of ammonium chloride, uramile is deposited as a

crystalline precipitate, and the solution contains alloxan ;

—

C3II4N4O, -b NII3 = CJI3N3O3 + CJI2N2O4

Pseudo-uric Acid C^H^N^O^.—The potassium salt of this acid is

obtained as a yellow crystalline powder, when uramile is boiled with

a concentrated solution of potassium cyanate. The free acid forms

small colourless crystals, sparingly soluble in water. The following

equation explains the formation of this body :

—
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NH—CO NH—CO
II II
CO CH.NH, + CNOH = CO CH.NH.CO.NH^11^ II
NH—CO NH—CO

Sulpho-])seudo-uric Acid C^IIgN^OgS is produced by heating alloxan

and sulphur-urea with a concentrated alcoholic solution of sulphur

dioxide :

—

NH—CO NH—CO
II II
CO CO -h NH2.CS.NH2 = CO C.H.NH.CS.NH2 -f O
II IINH—CO NH—CO

It forms thin white needles and is insoluble in water, but soluble

in acids.

Purpuric Acid CgH^NgOg.—This compound is not known in the

free state
;

its ammonium salt is that beautiful substance^ known by
the name of murcxide, which is obtained by boiling a mixture of

dialuramide and mercuric oxide with dilute aqueous ammonia. It

may also be prepared by adding ammonia to a hot solution of

dialuramide and alloxan :

—

NH3 + C,H,N303 -h C,H2
N20,

= C3HgNgO,.NH3 -h H2O

Murexide is also formed by evaporating uric acid with a little nitric

acid nearly to dryness, and adding ammonia to the residue.

Murexide crystallizes in small prisms, which by reflected light

exhibit a fine beetle-green lustre, and dissolve in water with an
intense purple colour. The solution dyes silk and wool a beautiful

red shade, and was a few years ago manufactured for this purpose,

but has now been superseded by aniline-red.

When a solution of murexide is boiled with potassium nitrate,

potassium purpurate CgH^N^OgR is formed, a salt resembling
murexide. The purpurates of the alkali-metals dissolve in water
with a bluish-purple colour

;
those of the other metals are insoluble

in water. They are decomposed by acids with the formation of
dialuramide and alloxan.

Purpuric acid has probably the following constitution :

—

Nil-CO CO—NH
II II
CO C=N—CH CO
II II
NH—CO CO—NH

IFydurilic Acid Cgll^N^Og.—When dialuric acid i.*! heated with
glycerin it is resolved into carbon dioxide, formic acid, and acid
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ammonium hydurilate. The free acid, which may he obtained by
decomposing the ammonium-salt with hydrochloric acid, crystallizes

in small four-sided prisms, and is sparingly soluble in water. It is a

strong bibasic acid, which, as well as its salts, give with ferric chloride

a beautiful green coloration. Concentrated nitric acid oxidizes it to

alloxan; a more dilute acid produces, besides the latter compound, two
other bodies, called violuric acid and dilituric acid.

Viohcric Acid or Nitrosomalonyl-urea CH(NO)
| |

—
By the action of cold dilute nitric acid (1'2 specific gravity) upon
hydurilic acid, alloxan and violuric acid are formed :

—

-h UNO, = C.lIgN^O, + -+ II^O

The potassium salt of this acid is obtained by adding acetic acid to

a mixture of hydurilic acid and potassium nitrite
;

it crystallizes in

deep-blue plates having the composition C^H.^NgO^K -f- 21I.gO. When
barium chloride is added to the violet solution of jDotassium violurate,

the barium salt is obtained as a red precipitate. The free violuric

acid is prepared by decomposing the latter salt with sulphuric acid
;

it crystallizes in yellowish prisms. All its salts are distinguished by
their beautiful colours. Ammonium violurate resembles the potas-

sium salt
;

sodium violurate crystallizes in short red needles

;

magnesium violurate forms small purple crystals
;
and tlie ferrous salt

crystallizes in hexagonal plates, having a red metallic lustre and
dissolving in water with a blue colour.

When bromine is added to a solution of violuric acid, nitrous

fumes are given off, and hihroinomalonyl-urea C^HgBrgNgb^s is formed.

Caustic potash decomposes violuric acid into urea, and nitrosomalonic

acid.

Nitrosomalonic Acid CII(N’O)
| qq qji

soluble in water,

and crystallizes in glistening needles. When heated it first fuses and
afterwards decomposes with a violent explosion. By the action of

sodium amalgam on its aqueous solution it is converted into aniido-

malonic acid CH(NIl
2) | qq Qjq-

Hydriodic acid converts violuric acid into dialuramidc or amido-
malonyl-urca,

Dilituric Acid or Nitromalonyl-urca CII(N02)
| qq |

i®

formed by the action of nitric acid upon violuric acid or hydurilic

acid. It crystallizes in colourless prisms and forms colourless salts.

Hydriodic acid reduces it to dialuramide.

BarTnturic Acid or Malonyl-urca CH2

by reducing bibromomalonyl-urca witli hydriodic acid or sodium
amalgam and water. It is a bibasic acid, ciystallizing in rhombic

( CO.NH \
I CO.NH (

is obtained
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crystals wliich are sparingly soluble in water. On boiling with potash

solution it is resolved into malonic acid and urea.

Hydurilic acid, a compound previously described, is nearly related

to barbituric acid. It is formed from two molecules of dialuric acid,

one of them being converted into barbituric acid, which combines

with another molecule thus :

—

I CO.NH X
CO.NH j

CO ^
NH-CO qtT QTT

I NH.CO j

+ ILO

Parcibanic Acid or Oxalyl-urea
| |

CO is formed by

oxidizing alloxan, and is readily obtained by dissolving uric acid in

common nitric acid, and evaporating the solution to the consistency

of a syrup. It crystallizes in thin plates, readily soluble in water,

and possessing a very sour taste. It is a bibasic acid, which when
boiled with diluted acids is resolved into urea and oxalic acid. Its

aqueous solution gives with silver nitrate a white precipitate of silver

parabanate C3N203Ag2, which when heated with methyl iodide yields

oxalyl-dimethylurea C3N203(CH3)2, a compound which has been also

obtained as a product of decomposition of caffeine.

The aqueous solutions of parabanates soon undergo a change,

parabanic acid combining with water and forming oxaluric acid

^II,N20,.

CO—NIL
I >0 + H2

O
CO—NH

CO-NH—CO—NH„
I

CO—OH

Oxaluric acid is a crystalline powder, and is sparingly soluble in

water. Ethyl oxalurate has been produced by the action of ethyl-

oxalyl chloride (see page 204) upon urea. It forms a crystalline

powder, which is but sparingly soluble in cold water.

Tribromacetyl-urca C3H3B13N2O2 is obtained by the action of bro-

mine upon an aqueous solution of bibromomalonyl-urea :

—

NH—CO
I I

CO— CBrg + II2O -f- Bi’2 =

I I

Nil—CO

NH—CO—CBiq

I

CO -f- CO2 -h HBr
I

NH2

It crystallizes in long colourless needles, the dust of which has a
most irritating action upon the nose and eyes. It fuses at 148°, and at

a higher temperature decomposes into tribromacetamide and cyanuric

acid. By the action of alkalis it is resolved into urea, carbon dioxide,

and bronioform.
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CH-gNII
)

Hydantoin or Glycolyl-urea
]

>00.—When urea is acted

CO.NH j
upon by inonobroinacetyl bromide, moiiobromacetyl urea is formed,

a compound resembling tribromacetyl-urea. On heating this body
with alcoholic ammonia it is converted into hydantoin :

—

CJLBrO.NK .NK
' " NCO + NIL = CJLO/ \C0 + NH.Br

Nil/ " " " \NH/ '

Tlie same body is formed, together with carbon dioxide, water, and
free iodine, when alloxan is heated with hydriodic acid. It forms
colourless crystals, possessing a faint sweet taste, and melting at 206°.

By boiling with baryta-water it takes up water, and is converted into

lujdantoic acid or glycoluric acid CO
|

N|BCll2L02H^

Allantuin C^HgN^Og is contained in the allantoic liquid or urine of

the foetal calf, and also in the urine of sucking calves. It is also pro-

duced, together with oxalic acid and urea, by heating uric acid with

lead dioxide and water. It forms brilliant, transparent prisms, which
are sparingly soluble in water.

By the action of sodium amalgam and water it is converted into

ghjcolurilc C^H^N^Og, which, when heated with acids, takes up water,

and is resolved into urea and glycolyl-urea. The constitution of these

compounds may therefore be expressed as follows ;

—

Allantoiu.

NH—C=N—CO.NIL

CO

NH—CH.OH

Glycoliirile.

Nil—C=N—CO.NH,

I

CO
I

NH—CIL

XANTHINE, SAECINE, AND GUANINE.

Xanthine CglT^N^O^

Sarcine C^^H^N^O
Guanine Cgll^NgO

These three compounds occur in the animal organism. Xanthine and
sarcine have also been obtained by reducing uric acid with sodium
amalgam and water, and xanthine is produced by the action of nitrous

acid upon guanine.

Xanthine is present in minute quantity in urine, and in nearly

all parts of the animal organism
;
in larger quantity it has been found

as a constituent of certain urinary calculi. After the continued use

of sulphur-baths urine contains larger quantities of xanthine. It is



THE CARBON COMPOUNDS. 249

most conveniently prepared from guanine. Potassium nitrite is added

to a solution of guanine in nitric acid, until copious red fumes are

evolved. On adding water to the solution a precipitate consisting of

xanthine and nitroxanthine is formed, which latter compound is con-

verted into xanthine by reducing it with a ferrous salt.

Xanthine is a white amorphous powder, and sparingly soluble in

water. It combines with acids, forming crystallized salts, and also

readily dissolves in alkalis. On adding silver nitrate to its aqueous

solution, a white gelatinous precipitate of silver-xanthine C5H2N^02Ag2

+ II2O is obtained. By acting with methyl iodide on this body, it is

converted into dimethyl-xanthine C5H2(CH3)2N402, which is isomeric

with theobromine.

Xanthine dissolves in fuming nitric acid without evolution of a gas.

On evaporating this solution a yellow residue is left beliind, which on

addition of potash-solution assumes a yellow-red colour, which on
evaporation changes into violet.

Earcine or Hy'poxanthine occurs in the flesh of vertebrata, and forms

a white crystalline powder which is very sparingly soluble in cold

water, and unites with bases and acids. Its solution in nitric acid

leaves on evaporation a colourless residue, which is not changed by
caustic potash.

Guanine occurs in Peruvian guano, in the excrements of spiders,

and the pancreatic juice of mammalia. In the so-called guanine-gout

of pigs, it is found deposited in the muscles of these animals. To
prepare it, guano is boiled with milk of lime, the solution filtered

and precipitated with acetic acid. The precipitate, consisting of

guanine and uric acid, is dissolved in hot hydrochloric acid, and the

guanine precipitated with ammonia.
Guanine is a colourless crystalline powder, which is insoluble in

water, alcohol, ammonia, but soluble in acids and potash-solution. It

is a bi-acid base, forming two series of salts.

When guanine is heated with potassium chlorate and hydrochloric

acid, it is oxidized to guanidine (see page 103 ), parabanic acid, and
carbon dioxide :

—

C,H,N,0 + O3 + H,0 = CH3N3 + C3
H,N,03-+ CO,

With nitric acid and caustic potash it gives the same reactions as
xanthine.

Gamine C^PIgN^Og.—This weak base has been found in “ extractum
carnis.” It forms small colourless crystals, which are sparingly
soluble in cold, but freely in boiling water. By the action of bro-
mine-water or nitric acid it is converted into sarcine. This reaction

takes place probably according to the following equation :

—

C^HsN.Oa -}- Bt, = C,H,N,0 -f HBr + CHgBr + CO^
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CREATINE AND CREATININE.

Creatine 04115^X302 occurs in the llesh of all vertehrata, and also in

small quantity in the brain and blood. To prepare it, finely chopped
meat is exhausted with cold water, and the solution boiled and filtered.

To the filtrate baryta-water is added to precipitate phosphoric acid,

and the solution evaporated on a water-bath to a syrupy state. On
standing creatine gradually crystallizes out, which is purified by re-

crystallization.

It crystallizes in brilliant prisms containing one molecule of water,

and possessing a slightly bitter taste. It dissolves readily in boiling,

but only sparingly in cold water.

Creatine combines with acids, forming crystalline but very unstable

salts. When boiled with baryta-water, it is resolved into sarcosine

and urea, and by the action of mercuric oxide on its aqueous solution

oxalic acid and methyUjuanidine CH4(CIl3)N3 are formed :

—

C4H0N3O2 -f 2HgO = C2H2O4 + C2lI,X3 + IIg2

Creatine has been produced artificially by heating an alcoholic

solution of sarcosine and freshly-prepared cyanamide to 100° for some
hours, and by adding ammonia to a saturated aqueous solution of

these two compounds, and allowing the mixture to stand for some
time :

—

C,HAN
{

+ NC.NH, = C,H,0,N
|

Creatinine occurs in urine, and is formed by heating

creatine with dilute acids. It can easily be obtained from urine by
evaporating it to about one-third of its original bulk, decanting from

salt which crystallizes on cooling, and precipitating the liquid with

lead acetate, to remove phosphoric acid, &c. The filtrate is freed from

lead with sodium carbonate, the solution neutralized with acetic acid,

and mercuric chloride is added, which combines with the creatinine,

forming a crystalline precipitate.

On decomposing this double salt with hydrogen sulphide a solution

of creatinine hydrochloride is obtained, from which the pure salt is

prepared by evaporation and recrystallization from alcohol. It forms

hard brilliant prisms. On boiling its alcoholic solution with lead

oxide the free base is obtained.

Creatine crystallizes in prisms having a strong alkaline reaction,

and being readily sohdde in water. With acids it forms crystallizable

salts. When dissolved in aqueous alkalis it slowly combines 5vith

water, and is converted into creatine. Creatinine combines with

several metallic chlorides, as those of mercury, zinc, &c., forming

sparingly soluble compounds.
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l>y boiling creatinine with baryta-water it is resolved into aiimionia

and hicthyl-hydantdiii :

—

NH
lip = NH3 -h Cpp<^ yCO

NCIL

When nitric trioxide is passed into its aqueous solution, a weak
basic compound having the composition C.jll

3
N^02 is formed, which

when heated with hydrochloric acid yields ammonia and mcthyl-

parabanic acid :

—

NH
CJIgNPa + II.p = 2NH

3 -f- C202<^ yCO
NCII3

The synthetical formations of creatine and creatinine, as well as

their decompositions, show that the constitution of these compounds is

as follows :

—

Creatine or

Metliyl-guaiiidine-acetic Acid.

NH_C=N1I
I

N.CH..

I

HO.CO—CH2

Creatinine or

Glycolyl-inotliyl-gnanidine.

NH—C=-N1I

I

N.CH3

I

CO—(JH
2

CAFFEINE AND TIIEOBKOMINE.

Thcoh'omine C
7
HgN^02 .—This weak base occurs in cacao-nuts

(from Thcobroma Cacao), and has also been found in small quantity

in the young leaves of Himalaya tea. The nuts are exhausted with

hot water
;
the solution is mixed with basic lead acetate, filtered, and

the filtrate treated with hydrogen sulphide to remove the lead, and
boiled down to a small bulk, which is exhausted with alcohol to dis-

solve the theobromine. It is a crystalline powder, sparingly soluble

in water, and possessing a slightly bitter taste. When heated with

caustic potash it is decomposed with the evolution of methylamine.

It combines with acids, forming unstable salts, which are decomposed
even by water. It is readily soluble in aqueous ammonia. By adding

silver nitrate to this solution a crystalline precipitate of silver theo-

bromine C^H-AgN^Og is obtained, which when heated wdth methyl
iodide yields metliyl-thcohrominc or caffeine.

Caffeine, Thcine, or Methyl-theobromine CgH^QN^02 occurs in the

coffee-berries (1 per cent.) and the leaves of the coffee-tree, in tea

(2 to 5 per cent.), in the Baraguay-tea (the leaves of Ilex 'parayuayensis),

in ‘'guarana” (5 per cent.), a substance resembling cacao, and wliicli

is prepared in South America from the fruit of Vavlinia sorbilis, and
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also ill tlie kola-nuts, which are used as an article of food in Central
Africa, it is prepared from raw coffee-hemes or from tea by a process

similar to that by which theobromine is obtained from cacao-nuts.

Caffeine crystallizes in long silky needles containing one molecule
of water, which escapes on heating. It melts at 234° and sublimes
at a higher temperature. It is but sparingly soluble in water, and
possesses a faint bitter taste. With acids it forms crystalline salts,

which are decomposed by water.

Caffeine acts as a poison when taken in large doses, producing pal-

pitation of the heart and trembling. Cats and rabbits are killed by a

dose of 0'4 to 0'5 grams.

When caffeine is boiled with baryta-water it is resolved into carbon

dioxide and caffddine C7
II

12
N

4
O

2 ,
a powerful base, which on prolonged

boiling with baryta-water is decomposed into carbon dioxide, am-
monia, methylamine, formic acid, and sarcosine :

—

C
7lIi2lSr,0 -!- 5H2O = CO2 + NH3 -f 2CII3.NH2 -1- CH2O2 + C3II7NO2

The action of chlorine upon an aqueous solution of caffeine pro-

duces cyanogen chloride, methylamine, and amalic acid or tetra-

methylalloxantin Cg(CH3)^ISr407 -f II
2
O, colourless crystals, which are

coloured violet by alkalis, and produce red stains on the skin.

By the further action of chlorine upon this compound cholestrophane

or dimethyljparabanic acid is produced, which is also formed by treat-

ing silver parabanate with methyl iodide (see page 247).

The products of decomposition of caffeine prove that this body has

a constitution similar to those of creatine and uric acid. The follow-

ing constitution at least readily explains the action of baryta-water

upon caffeine :

—

CHaN—C=N
I I i

CO CO CO
I I I

CII3N—CII—NClIa

COMPOUNDS OF TBIAD RADICALS.

We are as yet only acquainted with one alcohol of a triad radical,

viz. glycerin or propenyl alcohol. The derivatives of this compound,

which have been very completely investigated, are much more nume-
rous and varied than those of monad and dyad radicals, as the fol-

lowing table will show :

—
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con
PROPENYL ALCOHOL OR GLYCERIN C3H5 < OH.

OH

Monochlorhydrin.

rci
OH

(oil

Trinitrin or

Propenvl Trinitrate.

(NO3
C3IIJ NO3

UO3

Monethylin.

OH
OH
OCoH,

Monacetin.

roH
C3I1J OH

i OC2H30

Succinin,

C3H5
roH

iS} cji.o^

Dichlorliydrin.

rci
Cl

(oh

Chlorodinitrin.

O3H5

Dicthylin.

OH
C3H, OC2H,

OC2H,

Diacctin.

OH
Calla OC2H3O

OC2H3O

Glycerin-sulphuric

Acid.

OH
C3H5 OH

SO,H

Trichlorliydrin or

Propenyl Trichloride.

Cl

C,H,^ Cl

Cl

Dichloronitrin.

Cl fCl
N03 C3H5

]
Cl

N03 (no^

Triethylin or

Propenyl-triethyl Ether.

C3H5
OC2H3
OC2H3
OC2H,

Triacetin.

OC2H3O
OC2H3O
OC2H3O

Glycerin-phosphoric
Acid.

roH
C,llJ OH

( P0,H2

The propenyl compounds are intimately connected with propyl and
propene compounds

;
they are derivatives of propane :

—

Propane.

CH3

1

CH2
1

Propyl Alcohol.

CH3
Propene Alcohol.

CH„
1

^

Propenyl Alcohol.

CH0.OH
I

CH2 CH.OH
1

CH„.OH

1

CH3
1

CH2.OH
1

CH2.OH
1

CH2.OH

Most fats and oils are mixtures of propenyl ethers of the fatty

acids C„Il2n02 and the acids of the oleic series CnH2„_202. Gly-
cerin has also been found in small cpiantities amongst the products

of vinous fermentation, and is present in wine and beer.

When fats are heated with water or with alkalis they are converted

into glycerin and acids or their alkali-salts (soaps).'^

^ This process is called saponification. This terra was originally restricted to this

decomposition of fats by alkalis, but it is now generally applied to the decomposition

of compound ethers into acids and alcohols.
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Glycerin was first obtained by heating olive oil, water, and lead
oxide

;
insoluble lead salts are thereby formed {lead plaster), while

glycerin remains in solution. The latter is freed from lead by
hydrogen sulphide, and the solution evaporated. Glycerin is now
obtained in large quantities and in a state of great purity in the
manufacture of stearin candles. The fats, as tallow, &c., are distilled

by means of overheated steam
;

the distillate separates into two
layers, the lower one consisting of an aqueous solution of glycerin,

while the upper one contains the acids. The solution of glycerin is

concentrated by evaporation, and the residue again distilled with
steam in an apparatus in which glycerin condenses, whilst the much
more volatile steam escapes.

Glycerin can also be produced artificially from propane. By the

action of chlorine on this compound a large quantity of propene
dichloride is formed, which, when heated with iodine chloride, is con-

verted into propenyl trichloride Cgfl^Clg. This chloride is decom-
posed by heating with water to 170°, the products being hydrochloric

acid and glycerin.

Pure glycerin is a colourless, very viscid liquid, having a specific

gravity of 1‘27. It can be mixed with water and alcohol in all

proportions, and possesses a very sweet taste. When exposed to

strong winter-cold it sometimes solidifies to transparent and strongly

refractive hard crystals
;

but commonly it remains liquid, and
solidifies only at —40° to an amorphous gum-like mass. When quickly

heated it distils at 280°, with partial decomposition; but under a

diminished pressure it may be distilled without alteration, boiling at

210° under a pressure of 50 mm.
When glycerin is added to an alcoholic solution of sodium ethylate.

the compound C3II5 f CgHg.OH separates out in small crystals

grouped in stars, which at 100° lose alcohol, a white deliquescent

powder of monosodium glycerate being left behind.

When yeast is added to an aqueous solution of glycerin, and the

mixture is allowed to stand at a temperature of 20° to 30° for some
months, propionic acid is produced.

Glycerin is easily reduced to secondary propyl iodide by distilling

it with an excess of concentrated hydriodic acid :

—

Secondary propyl-iodide is generally obtained by this method
;
in

preparing it amorphous phosphorus is added to the mixture, which

converts the free iodine again into hydriodic acid :

—

Mono cJblorliydrill or Propenyl Monoclilorhy(Irate CglljC^OIGj is

CgHgOg -f 5111 = C3
II

7
I -f fillgO -f 21^
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obtained by saturating glycerin with hydrochloric acid gas and heat-

ing the mixture for some time to 100°.

It is a liquid having an ethereal smell, and boiling at 225° to 230°.

By acting with sodium amalgam on its aqueous solution it is reduced

to propene glycol :

—

CHXl CH,
1 I

CH.OII + Na., -f II,0 = CH.OII + NaCl -f- NaOlI

I

^
“

I

CII
2
.OII CH2.0II

When chlorhydrin is heated with trimethylamine, trimcthylglyccr-

ammonium c/i/an(Ze]Sr(CH3)3C3Hj3(OH)2Cl is obtained in white needles,

which are readily soluble in water. The free base, which has a con-

stitution similar to that of choline (page 190), has not yet been

prepared.

Dichlorliydrin or Propenyl DicMorhydrate C3H5Cl2(OH). — This

body is produced when glycerin is heated with a large excess of

fuming hydrochloric acid, and by the action of phosphorus penta-

chloride upon glycerin, but is most conveniently prepared by satu-

rating a mixture of glycerin and glacial acetic acid with hydrochloric

acid at 100°. It is an oily liquid, possessing an agreeable smell, and
boiling at 178°. By the action of water and sodium amalgam it is

reduced to dimethyl carbinol :

—

CH2CI CH3
I I

CH.OH -f 2Na2 + 211,0 = CH.OH + 2NaCl + 2NaOH
1

“
I

CH2.CI CH3

By heating it with potash solution, hydrochloric acid is taken out,

and epiclilorhydrin or monochloropropene oxide C3H3CIO produced :

—

CHoCl CH.Cl

I I

CH.OH -h KOI! = CH
^ -f- KCl + H„0

I I >0
CH2CI CH2'^

Epichlorhydrin boils at 119°; it smells like chloroform, and has a
burning sweet taste. It combines with acids like propene oxide

;

with hydrochloric acid it forms again diclilorhydrin, and on heating

rci
it with acetic acid it yields acctochlorhydrin C3H5-< O.C2H3O

;
it also

( OH
unites with water, monochlorhydrin or monochloropropene glycol

being thereby formed.

TricMorhydrin or Propenyl Trichloride C3II5CI3.—This compound is
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produced by the action of phosphorus pentachloride upon glycerin or

the chlorhydrins, and together with an isomeric compound when pro-

pene dichloride is heated with iodine chloride to 170‘'. It is a colour-

less liquid, possessing a smell like chloroform, and boiling at 158° On
heating it with caustic alkalis a violent reaction sets in, and dichloro-

glycide distils over, a heavy liquid possessing a garlic-like smell, and
boiling at 98°. It combines readily with one molecule of chlorine

and bromine, and dissolves in concentrated sulphuric acid with the

evolution of hydrochloric acid. On distilling this solution with a

large quantity of water, it yields monochloracetone :

—

CII2CI CII2CI

CCl

CH„

+
H
H }o = cCO -h HCl

CH,

drill C3H5

Bromhydrins.—These compounds are produced by the action of

hydrobromic acid or phosphorus pentabromide upon glycerin.

Tribromhydrine or Propenyl Tribromide CgH^Erg is a thick, colour-

less liquid, boiling at 220°, and solidifying at a low temperature to

large brilliant prisms, melting at 16°. On heating it with an alcoholic

solution of potassium cyanide, it yields propenyl tricyanide or the

nitrite of tricarballylic acid 03115(011)3 (see page 238).

Sulphydrins are formed by treating the different chlorhydrins

with an alcoholic solution of potassium hydrosulphide. Monosulphy-
OH
OH is a viscid non-volatile liquid, possessing a very dis-

SH
agreeable odour. The hydrogen in the group SII can easily be replaced

rOH
by metals, just as in other mercaptans. Disulpliydrin CgHg-] SH and

Uh
rsH

Trisulpliydrin CgH.-J SH have similar properties.

(SH
r OH

Glycerinsulphurie Acid C3H5K OH. —This monobasic acid is

( O.SO3II

formed by mixing glycerin with concentrated sulphuric acid. It

forms soluble salts with barium and calcium. By decomposing their

solution with sulphuric acid or with oxalic acid, an aqueous solution

of glycerinsulphurie acid is obtained, which has a very sour taste.

On evaporation it is resolved into glycerin and sulphuric acid.

rOH
GlycerinphospJwric Acid Cgllgq OH. — Glacial phosphoric

(O.PO(OH),

acid dissolves in glycerin with the evolution of heat. On diluting

with water and neutralizing with barium carbonate a solution of



THV: aA EBON COMPOUNJjA. 257

barium ghjc&riniohos^hate is obtained, which is decomposed by sul-

phuric acid. On evaporating the solution in vacuo, glycerinphos-

phoric acid is obtained as a strongly sour thick liquid, which decom-

poses on heating. It is a bibasic acid, forming crystallized salts.

Trinitrin, or Propenyl Nitrate C3H-(N03)3.—This body, commonly
called “ nitroglycerin,” is obtained by dissolving glycerin in a well-

cooled mixture of concentrated sulphuric acid and saltpetre. On
pouring the solution in cold water, nitroglycerin separates out. It is a

heavy, colourless, oily liquid, possessing a burning sweet taste and poi-

sonous properties, the inhalation of the vapour producing severe head-

ache. It is a very dangerous compound, exploding on heating it or

by percussion with the utmost violence. It has been much employed
for blasting in mines and quarries, but it is very dangerous to handle,

and has given rise to many fatal accidents. It is therefore now not

used in the pure state, but mixed with finely divided silica (so-called
“ kieselguhr,” the remains of infusoria) : this mixture, known by the

name of '' dynamite,” is much less dangerous than the pure substance.

By dissolving monochlorhydrin in a mixture of nitric acid and sul-

rci
phuric acid, monochlordinitrin 03115^ NO3 is obtained, an oily liquid

which does not explode by percussion, but is highly inflammable.

The same compound is produced by the action of nitric acid upon
epichlorhydrin.

( Cl

A ^'ery similar compound is diclilormononitrin €3115^ biOg, which

has been obtained by the same reaction from dichlorhydrin.

Pthyl-etliers of Propenyl .—These ethers are produced by the action

of sodium ethylate upou monochlorhydrine and dichlorhydrine.
( or H

Ethylhydrin Cglig
|

^ boils at 230°, and diethylhydriin

C3H5
I

ig a liquid possessing an aromatic smell, and boiling

at lor
'Prietliylliydrin (03115002115)3, a liquid boiling at 185°, is formed

by dissolving sodium in diethylhydrin and treating the product with

ethyl iodide.

PROPENYL-ETHERS OF THE FATTY ACIDS.

By heating glycerin with fatty acids, compound propenyl ethers are

formed, the three atoms of hydrogen in the liydroxy1-groups being

replaced, one after the other, by the acid radical. Most of the different

fats and oils consist of mixtures of such ethers, each containing three

acid radicals.

C «
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Monoformin CgH^
(OH)^
O.CUH is formed by lieating glycerin with

oxalic acid. It is an oily liquid, soluble in water. On lieating this

solution, monoformin is resolved into glycerin and formic acid.

Monacctin
| qq q, an oily liquid, which is soluble in water

and possesses an ethereal smell, is formed by heating glycerin Mutli

acetic acid to 100°; while by heating the mixture to 200°, diacetin

C3H5
1 |qq qp

is obtained, an oily liquid boilpig at 280°. When

this body is heated with a very large excess of acetic acid to 250°, it

is converted into triacetin C3H-(OC2ll30)3, a liquid which is insoluble

in water and boils at 286°. This compound exists in the oil con-

tained in the seeds of the common spindle-tree {Euonymv,s euro'pceus)^

and has also been q>roduced by heating q:)ropenyl tribromide with

silver acetate.

The three hutyrins are oily neutral liquids; tributyrin is found in

butter, together with tricapronin, tricaprylin, and tricaprin ; iriiny-

ristin occurs in nutme"- butter.

Monopalmitin melts at 49°, dipalmitin at 59°
;
both compounds are

produced by heating glycerin with jjalmitic acid in sealed tubes. By
using a large excess of jDalmitic acid and heating the mixture to 250°

for twenty-four hours, tvipalmitin is formed, a compound occurring

in many fats. It is p>repared by exposing olive oil to a strong cold, 1

and subjecting the solid mass to a strong pressure to remove liquid

triolein. Tripalmitin crystallizes from alcohol in pearly scales, melt-

ing at 61°.

Tristearin occurs in almost all solid fats, and may be extracted !

from beef or mutton suet by means of ether. After being purified by ;

repeated crystallizations, it is obtained in pearly crystals melting at \

66°‘5 and solidifying to an amorphous mass. I

Lecithine complicated derivative of glycerin- 1

qjhosphoric acid is found widely distributed in the animal organism, .=

occurring in the brain, in the nerves, in the yolk of eggs, in the blood- v

corpuscles, &c. It is most conveniently preqiared by exhausting the •'

yolk of eggs with a mixture of alcohol and ether. The solution is

gently heated until all the ether has volatilized, and alcohol added to /

the residue, by which fats are precipitated. The solution is filtered
'

and platinum tetrachloride is added
;
a yellow precipitate having the

composition 2(C42Hg3NTOgCl) -f PtCh is formed, which is decom-
posed by hydrogen sulphide. The lecithine hydrochloride thus

’

obtained is dissolved in a mixture of alcohol and ether, and the solu-

tion shaken with silver oxide, and, after tiltration, again treated with
hydrogen sulphide in order to qu'ecipitate silver which has gone in

solution.

Bure lecithine is a wax -like, indistinctly crystalline mass, soluble

in alcohol and ether; in watei' it softens and becomes gelatinous, but

floes not dissolve. It eombines not onlv with acids, but also tbrins '
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metallic compounds, and very readily undergoes decomposition by
boiling its alcoholic solution alone, or quicker in presence of alkalis

or acids, the products being choline, glyeerin-'phos'phoric acid, and

fatty acids (palmitic acid and oleic acid C^gllg^Og).

This decomposition, together with tlie chemical character of leci-

thine, explain its constitution :

—

Lecithine is glycerin-phosphoric acid in which two atoms of

hydrogen in the liydroxyl-groups of glycerin are replaced by tlie

radicals of oleic and palmitic acids, whilst cholin, a compound being

at the same time an ammonium-base and an alcohol, forms with

glycerin-phosphoric acid an acid compound ether. Lecithine is

therefore at the same time a fat, a base, and an acid.

It appears very probable that several lecithines exist, containing

radicals of different fatty acids.

To prepare this acid, glycerine is diluted with an equal volume of

water and poured on the top of strong nitric acid contained in a high

cylinder. The mixture, after standing for several days, is evaporated

on a water-bath, and the syrupy residue dissolved in water and
neutralized with lead oxide. Tlie lead glycerate is purified by re-

crystallization, and an aqueous solution of the pure salt decomposed
by hydrogen sulphide.

On evaporating the filtrate on a- water-bath, glyceric acid remains
behind as a thick, syrupy, and very sour liquid.

On heating it is resolved into water and pyruvic acid (see page 230
)

;

when it is fused with caustic potash it is resolved into acetic acid and
formic acid.

By the action of phosphorus iodide and water it is reduced to ^
iodopropionic acid.

/3 lodoyropionic Acid CgH^TOg forms white pearly crystals melting
at 82 °. When its aqueous solution is heated with silver oxide,

hydracrylic acid 0311^(011)02 is formed, a compound which is isomeric
with the lactic acids, and forms like them a sour, syrupy liquid, but
differs from them by not yielding lactide on heating, but by being

resolved into acrylic 0311^02 and water.

Phosphorus pentachloride converts glyceric acid into ^ chloropro-

pionyl chloride, which is readily acted upon by water, being converted

GLYCEPJC ACID CgHgO^,
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into /3 chloropropionic acid, which forms fibrous crystals smelling like

creosote and melting at 65°

Amidoglyceric Acid or Serine (CgH^OgNHg).—This compound has

been obtained by boiling sericin or silk-gelatin (see Silk) with dilute

sulphuric acid. It crystallizes from a hot solution in bard brittle

crystals, and forms metallic salts, but combines also with acids. By
the action of nitrous acid it is converted into glyceric acid.

The constitution of glyceric acid and its derivatives is generally

represented by the following formuhe :

—

Glyceric Acid. g lodopropioiiic Acid. Hydracrylic Acid.

CH.,.OIl CH,1
1

CH.
2
.OH

1

j

CII.OH
1

CH,
1

CH,
j

CO.OH
1

CO.OH
1

CO.OH

If hydracrylic acid had this constitution it would be identical with
ethene-lactic acid, which on oxidation is converted into malonic acid.

But hydracrylic acid does not yield a trace of this compound, but is

resolved into carbon dioxide, glycollic acid, and oxalic acid, and no
acetic acid is formed, showing that hydracrylic acid does not contain

the group methyl, and therefore its constitution is also quite different

from that of common lactic acid.

When an alcohol is oxidized, the oxygen entering the molecule

is attracted by that carbon atom which is already combined with

oxygen. Now in glycerin each of the three carbon atoms is com-
bined with oxygen, and consequently the oxygen which replaces

the hydrogen will be attracted as much by the second carbon atom
as by the first. From this it appears very probable that the above
compounds have the following constitution :

—

Glyceric Acid.
‘ cii^.on

g I odoirropiouic Acid.

CII2I
Hvdracrvlic Acid.

CH2.OH

C.OII CII CH
0<| 0,(1 0(1
^CH.OH CII.OH

Compounds having such a constitution would be acids, for organic

hydroxides are converted into acids, not only by the transformation

of methoxyl CIIjj.OlI into carboxyl CO.OH, but always when negative

elements or radicals (0, Cl, NO
2)

accumulate near an alcoholic hy-
droxyl.
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ALLYL-COMPOUNDS.

These compounds contain the radical allyl C3H-, which differs from

propenyl by being a monad radical, two of the carbon atoms being

linked together by two of the combining units of each. The name
of this radical is derived from the fact that some of its compounds
occur iu Alliuin-s'pecies (garlic, &c.). The allyl-compounds combine
with hydrogen, chlorine, &c., yielding thus either propyl- or propenyl

compounds.
Allyl Alcohol C3H5.OII.—When a mixture of glycerin and

crystallized oxalic acid is heated, carbon dioxide is evolved, and at

about 100° dilute formic acid begins to distil over; by raising the

temperature the evolution of carbon dioxide ceases, but begins again

at 190°, and a mixture of allyl alcohol and other products distils.

iNIonoformiii is formed, which at a lower temperature is acted upon by
water, yielding formic acid and glycerine, whilst at a higher tempe-
rature it is resolved into allyl alcohol, carbon dioxide, and water :

—

roiT
C3IL 4 OH = C3H5.OH + CO., + H,0

(O.COH

To obtain pure allyl alcohol the product is treated with caustic

potash, distilled again, and rectified over anhydrous baryta. It is a

limpid liquid, boiling at 97°, and possessing a characteristic pungent
smell (like most allyl-compounds).

When allyl alcohol is oxidized with dilute chromic acids, it yields

formic acid, but no acetic acid, showing that it does not contain the

group CH3, but has the constitution CHg^CH—CH.2.OH.

Allyl alcohol does not combine readily with hydrogen; it is not
changed by acting with sodium amalgam or zinc and hydrochloric

acid on its aqueous solution. But when it is heated with an equal
weight of caustic potash in a flask connected with a reversed con-

denser, an evolution of hydrogen commences at 105°, and goes on up to

155°. On distilling the solid mass thus obtained with water, a mixture
of ethyl alcohol and propyl alcohol (about 20 per cent, of the allyl

alcohol employed) is obtained, and the residue contains potassium
formate, and salts of other acids.

Allyl alcohol readily combines with chlorine, forming dichloropropyl

alcohol, a li(piid boiling at 182°, which is isomeric with dichlor-

hy drill :

—

Diuhlorhydrin. Dichloropropyl Alcoliol.

CH.2CI CH.,C1

CH.OH CHCl
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Bibromopropyl Alcohol C3ll5ljiv(3Il boils (it 219°; by the action of

nascent hydrogen it yields propyl alcohol, and on heating it with

caustic potash, glycerin is produced,
Moiiobromallyl Alcohol C^H^Br.OH.—When propenyl tribromide

is distilled with caustic potash, it is acted upon analogous to propenyl

trichloride (page 250), (lihromoglycicle CHgBr—CJ>i—CIT, being

formed. By heating this body with an alcoholic solution of potassium

acetate it is converted into monobromallyl acctaic, a liquid having a

refreshing smell and boiling at 104°. Tliis ether is decomposed by
caustic alkalis, monobromallyl alcohol IIO.CHo—CBr=CH.2 being

produced, a mobile limpid liquid boiling at 155°, and possessing a

jdeasant refreshing odour. Phosphorus peiitachloride converts it into

monobromallyl chloride C^II^BrCI, a colourless heavy liquid boiling

at 120°,

Allyl Chloride C3H5CI is a limpid liquid, boiling at 45°, which has

been prepared by heating allyl iodide with mercuric chloride and
spirits of wine. It combines witli chlorine to propenyl trichloride.

Allyl Bromide CfjgHgBr is obtained by the action of phosphorus
bromide on allyl alcohol

;
it boils at 70°, and combines with bromine

to propenyl tribromide.

A llyl Iodide Ogllgl may be produced by acting with iodine and
phosphorus upon allyl alcohol

;
but is more conveniently prepared

from glycerin. Six parts of iodine are placed into a retort, ten parts

of anhydrous glycerin poured on it, and three parts of phosphorus
are added. A violent reaction soon sets in, the mixture taking fire,

and allyl iodide distils
;
towards the end heat must be applied to drive

the whole of the iodide over :

—

C3lL(01I)3 + P + I = C3H3I + POgllg

On passing hydriodic acid gas into allyl iodide, the liquid becomes
liot, free iodine separates out, and isopropyl iodide is formed. In the

preparation of the latter compound from glycerin and hydriodic

acid, first allyl iodide is formed, \vhich by an excess of Inulriodic acid

is further acted upon. If this acid be not present in excess, the

product consists of a mixture of allyl iodide and isopropyl iodide ;

—

(1) C3H3(0H)3 + 3Hl = C3II3I + aiU) + I2

(2) C3II3I + 2III = C3ILI + 1.2

By the action of chlorine upon allyl iodide, propenyl trichloride is

produced, whilst bromine converts it into propenyl tribromide.

When an alcoholic solution of allyl iodide is shaken with mercury,

mercury-allyl iodide CgH^Hgl is formed, which crystallizes from an

alcoholic solution in shining scales. On heating Avith iodine it is again

converted into allyl iodide, whilst when heated by itself it yields

mercurous iodide and diallyl a hydrocarbon which is also

formed by the action of sodium ujton allyl iodide.
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AUyl iodide is used for the prepanition of pure propene. To
prepare it, either mercury-allyl iodide is treated with hydrocliloric

acid, or allyl iodide is -acted upon by zinc ami liydrochloric acid.

Biallyl Ether or Allyl Oxide t 0.—Small quantities of this

compound occur in the essential oil of garlic. It is easily produced
by dissolving sodium in allyl alcohol, and acting upon the sodium
allylate with allyl iodide, or by heating the latter compound with
silver oxide. Diallyl ether is a limpid, mobile liquid, boiling at 82^',

and possessing a pungent smell.

C IT )
Ethyl-allyI Ether

C3
H

5

1

0 is formed by heating sodium ethylate

with allyl iodide
;

it boils at 62°, and easily combines with a molecule
of chlorine and bromine. Tlie dichloride thus obtained is the ethyl-
ether of dichlorhydrin. On distilling it over caustic soda it loses one
molecule of hydrochloric acid, and yields ethyl-monoehlorallyl ether

CUTCl I
0, a liquid boiling at 120°. The dibromhydrin-ethyl ether

^
3 *4 J

is acted upon by alkalis in a similar v^ay, being converted into ethyl-CHI ^

monobromallyl ether 0
,
a limpid liquid, possessing a pleasant

odour and boilinq at 135°.

CHI.
Allyl Hydrosidphide or Allyl Mercaptan ^

|
S is a liquid boiling

at 90°, smelling like ethyl mercaptan, and forming, like the latter,

metallic compounds. It is produced by the action of allyl iodide

upon potassium hydrosulphide.

CHI
Allyl Sulphide

q > S is the principal constituent of the volatile

oil of garlic, and has been produced artificially by distilling allyl

iodide with an alcoholic solution of potassium sulphide. It is a colour-

less liquid of high refractive power, boiling at 140° and possessing

the peculiar odour of garlic in the highest degree. On mixing it with
an alcoholic solution of silver nitrate, a crystalline precipitate

(C
3
H

5) 2
S -P 2AgN03 is formed, which is decomposed by aqueous

ammonia, the products being ammonium nitrate, silver sulphide, and
allyl oxide.

Allyl sulphide occurs also in other Allium species, and probably in

the volatile oil of asafoetida.

Allyl Cyanides.—When silver cyanide is acted upon by allyl

iodide, allyl carhamine is formed, a liquid possessing a most
overwhelming nauseous odour. It is isomeric with crotonitrile

NC.C3H5, a liquid occurring in small quantity in the essential oil of

mustard. This nitrile is also produced by heating potassium cyanide

with allyl iodide. It is a limpid liquid, possessing the odour of leek,

and boiling at 118°.

Allyl Sulphocarhimide or Oil of
|
X.—The seeds of
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black iimstard contain a peculiar conipoiind called myronic acid (see

Glncosides), which in contact with water and a ferment contained in

the seeds is resolved into acid potassium sulphate, sugar, and oil of

mustard. To prepare mustard-oil, the seeds are crushed and pressed

to remove the fatty oil, and the residue is mixed with water and
distilled. It can also be obtained by heating allyl iodide with

potassium sulphocyanate. In this reaction allyl sulphocyanate (a

compound not yet known) is probably first formed, but undergoes a

molecular change at tlic high temperature at which the reaction takes

place. Oil of mustard is a transparent, strongly refractive liquid,

boiling at 148°, and possessing in the highest degree the sharp

pungent odour of mustard. It rapidly blisters the skin, and its

vapour excites tears, and produces even in a small quantity inflamma-

tion of tlie eyes. On repeated distillation with water it resolves into

sulphur and crotonitrile. Nascent hydrogen converts it into allyl-

arnine and mcta8ulj)lioformaldcliydc (C.
2
^^2^)3 •

—

\T f
C3II5 2]t

(
CS + 2

X J 4. n IT c;

C II Cl 1

Moyioclilorallyl SulijJiocarhimidc ^
|
x is obtained by the

action of potassium sulphocyaiiate upon (monochlorallyl

chloride, see page 256). It is a liquid boiling at 185°, and possessing

a very sharp penetrating smell.

Amines of Allyl.—These bases are formed by heating allyl iodide

with ammonia
;
the principal product of the reaction consisting of

Ietrcdlylammonmim iodide ^(CoHg)^!, a crystalline salt Avhich when
treated in aqueous solution with silver oxide is converted into the

corresponding hydroxide, a strongly alkaline and caustic body.

Allylamine C
3
H

5
.NH

2
is conveniently prepared by the action of

zinc and hydrochloric acid upon an alcoholic solution of oil of mustard,

and subsequent distillation with caustic potash. It is a limpid liquid

possessing an ammoniacal smell and boilinc; at 58°.

c.H.cn
Dimonoclilorcdlylamine Cgll^Cl ^ N is formed by the action of

ammonia upon a solution of trichlorhydrin in alcohol.- It is a heavy
oily liquid, boiling at 190°, possessing an ammoniacal smell, and
combining with acids forming deliquescent sails.

Thiosinnctmine or Allyl Sulphocarhamidc CS
| xilV H

formed

by the direct combination of ammonia and oil of mustard! It crys-

tallizes in brilliant colourless prisms, soluble in water, and possessing

a bitter taste. With acids it forms salts, which have an acid reaction

and are decomposed by water. On heating with water and lead oxide

it is decomposed with the production of lead sulphide and sinnamiiir
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or allyl cyanamide N-v CN, a powerful base, which is soluble in

ill
water and possesses a very bitter taste.

- Dicdlyl Carbamide or Sinai'oline CO
|

produced,
^ ^ ^ • • 1 r'

together with carbon dioxide and lead sulphide, by heating oil ot

mustard with water and lead oxide ;

—

«

N
{

+ 2i-bo + u,o = CO
{

+ co.

It is soluble in water and crystallizes in shining scales, liaving an

alkaline reaction.

ACIDS OF THE SERIES C,, 1 hja.-jO.j.

Allyl alcohol is a primary alcoliol; on oxidation it yields acralde-

hyde CgH^O and acrylic acid CgH^O.,. Acrylic acid is the first

member of a homologous series of acids, of which the corresponding-

alcohols are not known. The folloivino- table contains the acids ofO
this group wdiich are best studied :

—
Acrylic Acid . . CgH^ O.^ Cimicic Acid
Crotonic „ . . 04!!^ O2 Hypogseic „

Angelic „ . . Cj^Hg Oleic „

Pyroterebic Acid . CgHjQ02 Erucic „

26^2
^

16
^30^^2

C18H3P2
^22H42^^2

Some of these acids exist as glycerides in fats, and others have
been prepared artificially by different reactions. A series of acids

which are isomeric with those contained in the table have been

obtained from oxalic acid. By acting on ethyl oxalate with the zinc

compounds of alcohol radicals we obtain ethyl-ethers of the so-called

isolactic acids, and by treating the latter with phosphorus trichloride

they lose water and are converted into ethers of the acids of the iso-

acrylic scries.

Thus the ethyl-ether of oxy-isobutyric or dimethyloxalic acid

yields the ethyl-ether of meth acrylic acid, -which is isomeric with
crotonic acid :

—

dig CH
3

CH
3 CHo

3 c.OH -f- rcig = 3 c -f rOgiig -p srici

CO.OC2II5 CO.OC2H.

A. very characteristic reaction of the acids of this group is that

when they are fused with caustic potash they are resolved into two
fatty acids. This decomposition gives the clue to their constitution,
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as always those two carbon atoms are torn asunder which are linked
together by two of the combining units of each.

Acrylaldclujde or Acrolein CgH^O is easily obtained by depriving

glycerin of the elements of water :

—

C3II3O3 - 2II3O = C3H,0

This is best effected by heating glycerin with acid potassium sul-

])hate or phospliorus pentoxide. It is a colourless liquid boiling at
52"‘4. Its vapour is most irritating, attacking most violently the
mucous membranes of the nose and eyes. It is the cause of the

intolerable odour given off by fats and glycerin when subjected to

destructive distillation. Tt is a very unstable body
;
in closed vessels

it soon changes into a white fiocculent substance or a resinous mass,

called dimcryl or disaeryl-resin. When acrolein is heated with alco-

hol and acetic acid, it is converted into triethylhydrin :

—

Clf., CH3.0C,H3

C -p 3C.2H5.OH = CH.OC^H. -P H.,0

0<l I

^CH^ CH.2OC.2H.

When ammonia is passed into an ethereal solution of acrolein a

white amorphous powder called acrolein-ammonia (C^H^OjgNHg is

precipitated.

It also combines with hydrochloric acid, forming a crystalline

compound CgH^O.HCl, which on distillation with an alkali is con-

verted into a polymeride of acrolein called metacrolcin, forming

beautiful crystals, which by the action of heat or acids are recon-

verted into acrolein.

Acrolein hydrochloride yields, by the action of hydrochloric acid,

trichlorhydriii and water. When acrolein is treated with phospho-

rus pentachloride two isomerides are formed, one being dichloroglycide

and the second has been called acrol dicldoridc C3H^Cl2. Nascent
hydrogen converts acrolein into allyl alcohol.

Acrylic Acid C3H4O2 is produced by adding silver oxide to- an
aqueous solution of acrolein and allowing the mixture to stand for a

few days :

—

203X1,0 + 3xVg20 = 2C3ll3xVg02 -P H2O + 4Ag

The acid is not formed by the direct oxidation of the alcohol, the

latter being nearly completely destroyed
;
but it has l>een produced

l)y combining allyl alcohol with bromine, oxidizing the bibromopro-

pyl alcohol with nitric acid, and heating the bibromopropionic acid

with zinc dust and water ;

—

C3H,Br20.2 + Zn = C3H,02 + ZnBr.2
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Acrylic acid is conveniently prepared by heating j3 iodopropionic

acid with sodium ethylate :—

•

C3H,I02 + 2C2H5.0Na = C3lT3Na02 + 2C2H3.OH + Nal

Or more simply still by distilling /3 iodopropionic acid with lead

oxide :

—

2C3H5I0, + Pbo = 20311,02 + rbi2 + H2O

Acrylic acid is also formed by the dry distillation of hydracrylic

acid. These reactions show that acrylic acid as well as its aldehyde

must have a constitution analogous to that of hydracrylic acid and

/3 iodopropionic acid ;

—

Acrolein. Acrylic Acid.

CII2 Clh,

il II

c c

0<| 0<|
XTl.Oll

This formula of acrolein appears the more probable as it does not

combine with the acid sulphites of the alkali-metals like other

aldehydes, from which it also differs by being acted upon by ammonia
in quite a different way than the aldehydes of the fatty acids.

Acrylic acid is a limpid liquid, possessing a sour, pungent smell

and boiling at 142 °. Its most characteristic salt is lead acrylate

(C3H302)Pb, crystallizing from hot water in long silky needles.

C il ) .

Ethyl Acrylate
q q j'

^ is produced by the action of zinc, and

dilute sulphuric acid on ethyl dibromopropionate. It is a limpid

liquid, boiling at 100°, and possessing a very penetrating but not

disagreeable odour.

C It 0 )
Crotonic Acid ^ > 0 .—The oil of Croton Tiglium consists of

glycerides of several solid and liquid fatty acids, and acids of the

acrylic series. The crotonic acid contained in it is an oily liquid,

which has not been much studied.

Another solid crotonic acid which has been obtained by synthesis

is much better known. Its aldehyde is formed when acetaldehyde is

heated with an aqueous solution of zinc chloride :

—

CH(H2) CH(0
)

CH=CH
I

+
I

=1
!

+
COH CH3 COH CHg

Crotonaldcliyde is a limpid liquid having a sharp pungent smell and
boiling at 104°. When exposed to the air, it is soon oxidized to

crotonic acid.



268 THE CHEMISTRY OF

The same acid is j)roduced by tlie action of alkalis upon crotonitrile

(see Allyl C'yanide), and by tlie dry distillation of /3 oxybutyric acid :

—

CTI3 CII3
1

I

C 11.011
. 1

OH
1

1

—^

11 4
C 1 I

2
ClI

CO.OH CO.OH

Crotonic acid forms large transparent crystals or woolly needles,

melting at 72°, and boiling at 182°. When it is fused with caustic

^lotasb, it is resolved into two molecules of acetic acid. This decom-
position, as well as the synthetical formation of this acid from
acetaldehyde, shows that the two middle atoms of the carbon-chain

are linked together by two of their combining units, whilst from its

formation from allyl-compounds it might have been expected that it

had the constitution CH.
2
=CH—CHg—CO.OH. Such a compound

would, however, like the allyl-compounds, yield on oxidation no
acetic acid, which is obtained in cpiantity on oxidizing crotonic acid

as well as its nitrile. From this it appears that the latter compound
is formed in the following way

CH
2
=CII—CH.,I -f KCN = CH

3
—CH==CTr—CX + KT

This reaction corresponds to the formation of ethyl -vinyl (see

page 216).

Crotonic acid combines with nascent hydrogen, forming butyric acid,

and it also unites with bromine, yielding an isomeride of the dibromo-

butyric acid, which is formed by substitution in butyric acid. When
the brominated acid is boiled with an alkali, it is converted into

monobromocrotonic acid.

Trichlorocrotonaldchydc or Crotoncldoral C^HgClgO.—By acting with

chlorine on acetaldehyde, first crotonaldehyde is formed, which by the

further action of chlorine is converted into crotoncldoral. It is a

colourless oily liquid, boiling at 164°, and having a pungent smell.

It readily combines with water, forming erotonchloral hi/drnte

C
4
ll.

5
Cl.;(OIT)

2 ,
which crystallizes from hot water in silky thin plates

melting at 78°
;

its vapour is very irritating, and attacks the eyes and

mucous membraues.
Tricldorooroto)iic Acid C^HgCl^O.^ is obtained by oxidizing croton-

chloral with concentrated nitric acid : it crystallizes in needles,

melting at 44°, and boiling at 235°. By treating it with zinc and
hydrochloi'ic acid it is reduced to monochlorocrofonic acid C^H_,^C102,

crystallizing from hot water in long white needles melting at 100°,

boiling at 212°, and possessing an aromatic smell. When sodium

amalgam is added to a concentrated solution of its sodium salt, the

Hdoi-inc is replaced by hydrogen and crotonic acid is formed.
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Another monochlorocrotonic acid, melting at 94°, and boiling at

about 208°, is formed, together with the isomeric mo nochloroquartenic

acid, by acting with phosphorus pentachloride on ethyl acetone-

carbonate (so called diethylacetic acid); etiiyl chloride and hydro-

chloric acid are given off, and the residue contains besides phosphorus

oxychloride, the chlorides of the two acids. On distilling it with

water, monochloroquartenic acid, being the most volatile, distils first;

it is an oily liquid, which with sodium amalgam and water yields

quartcnic acid an oily liquid smelling like l)utyric acid, and
boiling at 172°. On fusing it with potash it yields, like crotonic acid,

only acetic acid.

Tetrolic Acid C^Il^O^ is produced by digesting the second mono-
chlorocrotonic acid with potash :

—
CJ-I5CIO2 = IICl -f C,H/32

It crystallizes in deliquescent, colourless, transparent, rhombic
plates, melting at 76°'o, and boiling at 203°. The first modification

of monochlorocrotonic acid is not acted upon by potash.

Methacrylic Acid C^H^Og.—The ethyl-ether of this third isomeric

acid is obtained by treating ethyl oxy-iso butyrate with phosphorus
trichloride. The acid is an oily liquid which by fusion with caustic

potash is resolved into carbon dioxide and propionic acid :

—

Cllg CIT3

I 1

C=CI-l2 + 3KOH = CH., -f- K^COg -f 2H,

I I

“ " ^

co.oir co.oK

Angelic Acid C^HgOg is found, together with acetic acid and
valerianic acid, in the root of Angelica Archangelica and other
umbelliferoe. The root is boiled with milk of lime, and the con-
centrated filtrate distilled with sulphuric acid. The distillate after

being neutralized with soda-crystals is evaporated, and the concentrated
liquid again distilled with sulphuric acid. On allowing the filtrate to

stand for some time, angelic acid separates out in large crystals.

After the acid has been purified by crystallization it melts at 45°,

and boils at 191°; it possesses a peculiar, aromatic odour.

By fusion with caustic potash it is resolved into acetic acid and
propionic acid

;
and by heating with hydriodic acid and phosphorus

to 200°, it is converted into valerianic acid.

Angelicaldehyde C.IIgO is contained, together with a hydrocarbon
CjoHjq, in the oil of chamomile {Antliemis nobilis). It has not yet
been obtained in a pure state, as the hydrocarbon cannot be separated
by distillation, and the aldehyde does not form crystalline compounds
with the acid sulphites of the alkali-metals. When the oil is heated
with caustic potash the hydrocarbon volatilizes, and potassium ange-

late is formed :
—

B.II,0 4- KOR = njI-KO, + H,
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Methylcrotonic Acid.— Tliis isoineride of angelic acid is ])i’oduced by
the action of pliospliorus trichloride upon etliyl ethometlioxalate

;
it

crystallizes in needles, melting at 02°. When it is fused with caustic

potash it yields the same products as angelic acid, the constitution of

the two acids beiiio- as follows :

—

iletliylcrotonic Acid.

CHg
I

Oil

II

C-CH3
I

CO.OH

An acid having tiie same composition, called tiglic acid, has been
found in croton-oil; it melts at G4° and boils at 201°. The action of

caustic potash on this body has not yet been tried
;

it is probably

identical with methylcrotonic acid, both having the same melting-

point, and both their ethyl-ethers boiling at 156°.

Pyroterehic Acid C(.1Ijq02 has been obtained by tlie distillation of

terebic acid (an oxidation-product of oil of turpentine). It

is a liquid boiling at 210°, and smelling like butyric acid. It is

isomeric with cthyicrotonic acid, which has been prepared from ethyl

ethoxalate, and crystallizes in quadratic prisms melting at 39°'5. lly

the action of caustic potash, both acids yield acetic acid and butyric

acid.

Cimicic Acid C^5H.2g02, a crystalline solid melting at 44°, and having
a rancid odour, is contained in a kind of tree-bug {Rhaphigastcr

punctipennis).

Hypogccic Acid or Fhysetoleic Acid CjgHgQOg occurs as ghx'eride,

together with palmitic and arachidic acids, in the oil of the earth-nut

(Arachis hypogcca), and in the oil contained in the cavities of the

head of the sperm-whale {Physctcr macrocephalus). It crystallizes in

colourless needles, melting at 34°. In contact with the air it absorbs

oxygen, and assumes a yellow colour and a rancid smell. Nitric tri-

oxide converts this acid into an isomeric (or polymeric modification)

called ga'idic acid, a crystalline colourless mass, which melts at 38°,

and remains unaltered in the air.

r>oth acids combine with one molecule of bromine. Bv heating

these brominated acids with alcoholic potash-solution to 170° they lose

hydrolu'omic acid and are converted into palmitolic acid

crystallizing in silky needles melting at 42°. This acid readily com-
bines with one or two molecules of bromine, but ajijiarently not

with hydrogen. On oxidizing it with fuming nitric acid a part is

converted into palmifoxylic acid O^^dUgO^, a monobasic acid crys-

tallizing in colourless plates melting at 07°. Another portion is fur-

ther oxidized to suberic acii an I suberic aldehyde a yellow

oilv lif|uid.

Angelic Acid.

CH3 CH3
\/
C

on
I

CO.OII
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Ol&ic Acid or Elaic Acid exists as triolein, tlie fluid con-

stituent of many fats and oils, in the fat of the pig and goose, in

olive-oil, oil of almonds, &c. To prepare the acid the oils are

saponified with lead oxide, and the lead salts exhausted with ether,

which dissolves only lead oleate. The ethereal solution is shaken

with hydrochloric acid, the upper layer removed, and the ether removed

by distillation. The impure oleic acid left behind is dissolved in

ammonia, and barium chloride is added, which precipitates barium

oleate. After purifying this salt by crystallization from alcohol, it is

decomposed in a closed vessel with tartaric acid, and the pure oleic

acid thus obtained is dried in a current of carbon dioxide, in order to

prevent oxidation. Large quantities of impure oleic acid are now
obtained as a by-product in the manufacture of stearin-candles. If

this crude acid does not contain a large quantity of oxidation-products,

it may be purified by cooling it down to — 7°, and subjecting the

crystals which separate out to strong pressure. The residue is again

melted and cooled down, and well pressed, and this operation repeated

if necessary. Thus a pure acid is obtained, which may be recrystal-

lized from alcohol.

Pure oleic acid is a colourless oil solidifying at a low temperature to

crystals melting at 14°. From alcohol it crystallizes in brilliant white

needles. The perfectly pure acid remains unaltered in the air, but in

an impure state it rapidly absorbs oxygen, assuming a yellow colour

and rancid smell, and losing the property to crystallize. It volatilizes

with overheated steam or in vacuo, without decomposition
;

but

under the ordinary atmospheric pressure it is decomposed on heating,

yielding fatty acids, such as acetic acid and caprylic acid, and a large

quantity of sebacic acid. When it is heated with caustic potash, it is

resolved into acetic acid and palmitic acid.

By passing nitric trioxide into cold oleic acid it is converted into

the isomeric elaulic acid, a solid mass, crystallizing from an alcoholic

solution in shining scales, melting at 45°. It is stable in the air, and
can be volatilized without decomposition. Triolein is also converted

by nitric trioxide into solid iridcCidin. If, therefore, this gas be

passed into oil of olives or almonds, they solidify to a crystalline

mass. We are not yet able to explain the singular action of nitrous

trioxide upon oleic acid and other acids of this series.

Oleic and elaidic acids unite with one molecule of bromine. OUic
dihromide is a heavy, thick yellow oil

;
by treating it with a cold

alcoholic potash solution, monohromoleic acid CjgHggBrOg, a crystalline

substance, is obtained, which by the action of nascent hydrogen is

again converted into oleic acid.

By the action of a hot alcoholic potash -solution on monobromoleic
acid or on the dibromide all the bromine is taken out, and stearoHc

acid C\gH3202 is formed, which crystallizes in silky needles melting at

48°, and volatilizing on heating without decomposition. It unites

with one or two molecules of bromine
;
fuming nitric acid oxidizes

it to Rlra.rnryl !c arid
,
fczclaie arid, and azda'ic aldehyde.
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Stearoxylic Acid crystallizes in shining plates, melting at

86°; it is-a monobasic acid.

Azela'ic Aldehyde Cgli^gOg is a thin, oily liquid jmssessing an ethereal

smell. By the action of bromine and water, or nitric acid, it is

oxidized to azelaic acid.

When stearolic acid is fused with caustic potash, it is first converted
into an acid having the composition of hypogccic acid and
by the further action of the potash it is converted into myristic acid

Ci^ilggOg. These reactions prove that stearolic acid contains tlie group
(.'=C twice.

dJrucic Acid C.^lI^.gO.g occurs in colza-oil and the fatty oil of

mustard-seed, and may be obtained from these oils in tlie same
way as oleic acid is prepared from oil of almonds. It crystallizes

in long needles, melting at 34°. With nitric trioxide and bromine
it behaves like oleic acid. By acting with caustic potash on its

dibromide, hehenolic acid 0221140^^2 formed, which is oxidized by
fuming nitric acid to hehenoxylic acid h'assic acid 0j^li

2o04 ,

and bmssic cddehyde C^^^H.goOg.

The following acids are nearly related to those of the oleic-

series ;

—

Sorbic Acid CgllgOo occurs in the berries of the mountain ash. On
distilling their juice, impure sorbic acid passes over as an oily liquid,

from which, by treating it with alkalis and decomposing the salt with
acids, the pure compound is obtained. It crystallizes in long needles,

melting at 134°'5 and distilling at 228°, with partial decomposition.

Nascent hydrogen converts it into hydrosorbic acid CgH^oO,, a colour-

less liquid, boiling at 204°’5 and possessing a sweetish smell. It is

isomeric with pyroterebic acid and ethylcrotonic acid, and is resolved

by fusion with caustic potash into butyric acid and carbon dioxide.

Ricinoleic Acid C^gHg^Og is found as glyceride in castor-oil, and can

be obtained from it by the same process by which oleic acid is pre-

pared from oil of almonds. It is a colourless oil, solidifying at 0° to a

crystallized mass. Nitric trioxide converts it into solid ricinela'idic

acid.

Wlien this acid or castor-oil soap is fused with caustic soda,

hydrogen is evolved, and methyl-hexyl carbinol and sebacic acid

are formed :

—

CigIIg,Og + 2Na011 = Cyi,gO + CjoHy^Ncg 4- H.,

Bicinoleic acid has therefore ])robably the following constitution :

—

]fCT)2.Cgnic.CO.ClI

JAnoleic Acid.—This acid has great resemblance to oleVc acid, and
occurs in drying oils, such as linseed-oil, poppy-oil, walnut-oil, &c. It

has been very little studied. Its formula appears to be OjgHggO.g.
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TETEAD EADICALS AND THEIE COMPOUNDS.

HYDROCARBONS OF THE ACETYLENE SERIES.

Boiling-point. Boiling-po

Acetylene . • C., H., —
Allylene . . • C

3
H, —

Crotonylene . C, H, 18°

Valerylene . • C,H
3

45
Hexoylene . • Ce H,, 80 Diallyl . . •

59'

(Enanthylidene H,, 107
Caprylidene . C

3
H,, 133

Decenylene 165 Eutylene <\oH.g ISO
Benylene • ^15^28 225
Cetenylene . . C^gHgg 280

These hydrocarbons stand in a similar relation to the non-saturated

monad radicals of the allyl series as the olefines to the saturated

alcohol radicals.

A general method for preparing these compounds consists in heating

the dibromides or the di-iodides of the olefines with an alcoholic solu-

tion of potash, the reaction taking place in two stages. First a mono-
brominated olefine is formed

—

+ KOH = C^HgBr -f Hp -p KBr

which by the further action of causticj potash again loses hydro-
bromic acid :

—

CgHgBr -p KOH = -p H/) -P KBr

These hydrocarbons readily combine with one molecule of the

elements of the chlorine-group and their hydracids, forming non-

saturated compounds, which are capable of combining again with
these bodies. The hydrocarbons of this series are therefore tetrad

radicals.

Theory points out the existence of a gi’eat number of isomerides,

but, as the table shows, only very few are known. Those contained in

the first column have been prepared by abstracting two molecules
of hydrobromic acid from the dibromides of the olefines, and this

reaction explains their constitution :

—

Ethene Dibromide. Acetylene.

CH.,Br CH
I

" -2HBr=
111

CH.,r>r CH
C

"

T
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Hexene Dibvoinide. Ilexoj'lem*.

CHBr - 2HBr = C

III

CPI

Acetylene or Ethine —This gas is the only hydrocarbon which
has been obtained by the direct union of its elemeuts : it is produced

when an electric arc from a powerful galvanic battery passes between

carbon-poles in an atmosphere of liydrogen. Acetylene is always

formed when bodies containing carbon and hydrogen are burnt in a

limited supply of air, and also in tlie decomposition of many hydro-

carbons by the electric spark or heat, and it occurs therefore in coal-

gas. Acetylene has also been obtained by the electrolysis of tlu'

potassium salts of fumaric and maleic acids :

—

Pure acetylene is prepared by heating ethene dibromide with
alcoholic potash, and passing the vapour through a hot solution of

potash in alcohol
;

it may also be readily obtained by heating chloro-

form with sodium :

—

Impure acetylene is produced in quantity by lighting the gas in a

BmiseEs burner at the small orifice in the lower end of the tube, an
incomplete combustion taking place, and acetylene is formed.

Acetylene is a colourless gas, possessing a strong disagreeable odour

;

the smell perceived when a Bunsen’s burner burns down being due to

acetylene. It is readily inllammable, burning with a smoky tlame,

and is tolerably soluble in water.

When it is mixed with chlorine in the diffuse daylight, an explosion

generally takes place and carl)on se])arates out, but sometimes the

two gases combine quietly, and form the compounds CoII^Cl., and

02112^14. which are oily, heavy liquids. It forms also two liquid"com-
pounds with bromine, viz. (’.2112111'., and C2H2Br4, the latter being
identical with hibromethene dihromide. By heating acetylene with
iodine to 100° they combine to acetylene di-iodide Cgll,!,, forming
colourless crystals melting at 70°. With hydriodic acid it forms two
liquid compounds, C2H3I and 0211410; the latter being isomeric with

ethene di-iodide.

Acetylene forms a series of characteristic metallic derivatives. ^Yhen
it is passed over fused potassium, hydrogen is given off, and the bodies

O2IIK and O2K2 formed
;

both are black powders, which are

violently decomposed by water, with the re-formation of acetylene. A
similar calcium-compound has been obtained by heating an alloy of

2CHCI3 + 3Na.2 = O2H2 -f- GNaCl
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zinc and calcium with charcoal to whiteness; the resulting black

mass yields, with water, quicklime and acetylene :

—

C.
2
Ca + 2H2O = C2II2 + Ca(0 Ii)2

The least trace of acetylene can be detected by passing a gas con-

taining it through an ammoniacal solution of cuprous chloride, a

blood-red precipitate of cuproso-ethenyl oxide
C2HCU2

] Q
C2HCU2 1

^ being

formed :

—

(1) C2H2 -t- CU2CI2 -I- NH3 = C2HC1I2CI -f NH,C1

(2) 2(02lICu2Cl) + 2NH3 + II2O = (C2HCu2)20 -t- 2NH/J1

Cwproso-tthe'mjl Chloride C2HCU2CI is a similar precipitate, which
is produced by passing acetylene into a solution of cuprous cliloride

in potassium chloride.

Arfjento-ethenyl Chloride C2HAg201 is formed by the action of

acetylene on an ammoniacal solution of silver chloride
;

it is a white

precipitate
;
the corresponding oxide (C2HAg2)20 is a similar body,

which is obtained by passing the gas through a solution of silver

nitrate in ammonia.
These copper- and silver-compounds are explosive, decomposing with

detonation by percussion
;
they are decomposed by hydrochloric acid,

pure acetylene being evolved, and are therefore used for obtaining this

gas in a state of great purity. A very simple method for obtaining

pure acetylene consists in placing a gas-burner in which the gas is

burning down under a funnel which is connected with an aspirator by
which the products of combustion are passed through an ammoniacal
silver- solution. The white precipitate is then decomposed by hydro-
chloric acid, and the resulting silver chloride dissolved in ammonia
and used for a new operation :

—

C2HAg2Cl 4- HCl = C2H2 + 2AgCl

Nascent hydrogen converts acetylene into ethene; this reduction is

effected by acting with zinc and ammonia on the copper-compounds
of acetylene:

—

C2HCU2CI -t- NH3 + 2H2O 4- 2Zn = C2H, 4- NH,C1 -h Cu2 4- 2ZnO

When acetylene is shaken with- concentrated sulphuric acid, the

gas is slowly absorbed, and ethenylsul'phuric acid C2H3.SO^H is

formed. On distilling this acid witli water, ethenyl or vinyl alcohol

CgHg.OH is obtained; it is a very volatile liquid, which is homologous
with allyl alcohol, but has scarcely been examined.

Monobromacetylene C2HB1’.—When a monobromethene dibromide

is heated with alcoholic potash, a gas is evolved, taking fire in

contact with the air, and consisting of a mixture of acetylene and
monobromacetylene.

T 2
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Alh/kiie or rropine CgH^ is a gas resembling acetylene
;

it is

prepared by heating monobromopropene or propene clibromide with

alcoholic potash. By ])assing it through an ammoniacal solution of

cuprous chloride a greenish-yellow precipitate is formed. Silver

-

propinyl C^HgAg is a white explosive precipitate, which is readily

decomposed by hydrochloric acid
;

it is formed by the action of

propine on an ammoniacal silver-solution.

rro^iinyl Alcohol Cgllg.OH.—This compound, commonly called

propargyl alcohol, is produced by acting with caustic potash on niono-

bromallvl alcohol

:

—
Oil., OH

OBr + KOII = 0 + KBr -h H.,()

OIT,.OH CH2.OH

It is a limpid, mobile liquid, boiling at 115°, possessing an agreeable

odour, and producing explosive precipitates in an ammoniacal solution

of cuprous chloride and an aqueous solution of silver nitrate. The
copper compound Cu2(CgIl2.0H)2 has a yellow colour, and the silver-

compound AgC3H2.0H is white.

C H )
Propinyl-ethyl ether

c!h! f
0 has been produced by boiling allylene

dibronnde or propenyl tribromide with alcoholic potash :

—

CgH^Brg + Cgllg.OH + 2KOH =
|
q + 2KBr + 2II2O

It has also been prepared from monobromallyl-ethyl ether :

—

I
0 + KOH = gSyS

I
0 + KBv + H.O

It is a mobile limpid liquid, boiling at 80°, and precipitating

ammoniacal silver- and copper-solutions. The silver-conqiound

II \o* J

^ n ^ white crystalline jiowder, which burns with a flash,

like gunpowder.
Croion]ileiie or hutine, valcrylene, and hexoylene or hexine have been

obtained from the dibroniidcs of butene, amylene, and hexene
;
they

arc liquids having a strong smell, like acetylene and allylene, but,

unlike the latter, they do not form metallic compounds.

Diallyl or isohexine is prepared by the action of sodium on

allyl iodide, It is a mobile liquid boiling at 59°, and possessing a

pungent odour. It combines with bromine and iodine, forming

isohexine tetrahromide Cgll^oBiq, and isohexine tetra-iodide

botli are solid, crystalline bodies. Isohexine ietranitritc CqHjo(N(.)2)^

is readily formed" by the direct union of diallyl and nitrogen tetrox-

ide; it is a white crystalline substance. Isohexine dichlordihydrate



THE CARBON GOMFOUNDB. 277

f Cl

I (OH)
pi'oduced by shaking diallyl with an aqueous solution

of hypochlorous acid.

When diallyl is heated with concentrated hydriodic acid, the com-
pound CgH^2l2 obtained as a heavy, oily liquid

;
on heating this

body with silver acetate it is converted into isohexene diacetate, which
is isomeric with hexene cliacetate, and yields with caustic potash

isohexene alcohol CgHj2(OH)9> ^ liquid which is soluble in water and
boils at about 212°.

Diallyl dissolves in cold concentrated sulphuric acid to a clear

liquid
;
on addition of water, isohexene oxide CgHj20 separates out as

a light limpid liquid, boiling at 95°, and possessing an ethereal and
refreshing smell resembling that of peppermint.

Diallyl or isohexine is isomeric with hexoylene or hexine
;

the

constitution of these two hydrocarbons is represented by the following

formula? :

—

Hexine. Isoliexine.

CII3 CH,
1 11

CH2
1

CH
1

CH2
1

CH,

1

CH.,

1

1

CH2
1

C

11!

CH
li

CH CH,

Dipropine CH=C — CH2 - C=CH. •This hydro-

carbon has been obtained by heating isohexine tetrabromide with
alcoholic potash. It is a limpid and very refractive liquid, boiling

at 85°, and combining most energetically with bromine. In an

aqueous solution of silver nitrate it produces a white amorphous
precipitate, which when heated explodes below 100°.

The other members of the acetylene series have been obtained

either from the dibromides of the corresponding olefines or from
analogous substitution products. Thus cenanthylidene has been
formed by acting with potash on oenanthidene dibromide (see page

234) ;
rutylene was prepared from diamylene, and the isomeric de-

cenylene from the dibromo-substitution product of the hydrocarbon

^10^22’ which exists in petroleum.

ERYTHRITE C4Hg(OH)4,

This compound is the only known alcohol of a tetrad radical
;

it

exists in a sea-weed, called Protococcus mdrjaris, and as ether of

orsellic acid in different kinds of lichens {Rocella species).
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Erytlirite forms large transparent crystals
;

it dissolves freely in

water, and has a sweet taste. At 120° it melts, and at about 300° it

volatilizes with partial decomposition.

Erytliryl Nitrate C^H(.(]SI’03)^.—This body, which is commonly
called nitro-erythrite, is obtained in colourless crystals by dissolving

erythrite in concentrated nitric acid and precipitating this solution

with sulphuric acid. It is very inflammable, burning Avith a brilliant

flame, and detonates violently when struck with a hammer.
Erythric Acid C^UgOj.—This monobasic acid is obtained by heat-

ing erythrite with common nitric acid, and forms a crystalline and
deliquescent mass.

COMPOUNDS OF HEXAD RADICALS.

MANNITE CJi8(OH)6.

Mannite is the alcohol of the hexad radicals mannyl CJIg ;
it is

found in many plants, as celery, many kinds of fungi and seaweed,

and in the young sap of the larch, the lime, and several species of

ash. The manna-ash {Fraxinus ornus) yields a sweet exudation,

called manna, from which mannite is easily obtained by exhausting

it with boiling alcohol
;
on cooling, mannite separates out, and is

purified by recrystallization.

Mannite crystallizes from alcohol in silky needles, and from watei’

in transparent prisms, melting at 165°. It dissolves in five parts of

cold water, and very freely in boiling water, and possesses a pleasant

sweet taste.

Mannite has also been found in small quantity among the products

of lactic and mucous fermentation, and is produced artificially by the

action of sodium amalgam on a solution of grape-sugar CgH^jO^.

When mannite is heated with concentrated hydriodic acid and
amorphous phosphorus, it is converted into secondary hexyl iodide

(see page 166).

Mannitan C^,HgO(OH).^.—When mannite is heated to 20tP, it loses

one molecule of water, and mannitan is formed
;

it is a syrupy mass,

which slowly combines with water, mannite being reproduced.

INTannite and mannitan form a large number of compound ethers.

Mannyl Nitrate or Nitromanniic C(.Hg(N03)(, is obtained by dis-

solving mannite in fuming nitrite acid, and is precipitated by
sulphuric acid as a crystalline powder. It is insoluble in water, and
crystallizes from alcohol in silky needles. On heating it first melts,

and then burns with a flash like gunj)Owder, but by percussion it

decomposes with a violent detonation. Ammonium sulphide and

other reducing agents reconvert it into mannite.
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Maiinylsulphuric Acid
|

tribasic acid is

obtained by dissolving mannite in concentrated sulpliuric acid,

diluting witli water, and neutralizing the solution barium carbonate.

By adding to the filtrate just the required quantity of sulphuric acid,

a solution of maunylsulphiiric acid is formed, having a very sour

taste
;
on heating, it is resolved into mannite and sulphuric acid.

Mannyl Dichlorhydrate or Dichloromannitc CgHg(OH)4Cl., is formed

by heating mannite with 15 parts of concentrated hydrochloric acid

to 100°
;

it is soluble in water, and forms colourless crystals, melting

at 174°. A mixture of concentrated nitric and sulphuric acids con-

verts it into the chJoronitrate CgHg(lSr03)^Cl2, crystallizing from alcohol

in fine needles. When the dichlorhydrate is acted upon by alkalis,

it loses hydrochloric acid and yields the compound C(.HgO(OH)3Cl,

a neutral, bitter substance, which is very soluble in water, and by
boiling with it for a long time is converted into mannitan. By the

prolonged action of hydrochloric acid on the dichlorhydrate it loses

water, yielding the body CgHgO(OH)2Cl2 in colourless crystals.

Mannyl HcxacetMe CgHg(C2H302)g is formed by lieating mannite
with acetic anhydride

;
it forms colourless crystals, which are soluble

in water and melt at 100°. At the same time the anhydro-compound
CgHg0(0H)2(C2H30.2)2 is produced, which is also obtained by heating

mannite with glacial acetic acid
;

it is a colourless syrup, having a

bitter taste.

Similar compounds have been prepared by heating mannite with
other fatty acids. Thus on acting on it with stearic acid, it yields

CgHg0{CigH3.02)4 ;
this tetrastearate or teirastcaryl-mannitanide is a

fatty mass, and insoluble in water.

DULCITE OR MELAMPYRIN CgHg(OH)g.

This isomeride of mannite has been found in didcose, a crystalline

substance from Madagascar, the origin of which is unknown
; it

also occurs in several plants {Melampyrum nemorosum, Rhinantlius

Crista-galli). It forms monoclinic crystals, melting at 182°, and
having a faint, sweet taste, being much less soluble in water than
mannite. Dulcite has also been obtained from milk-sugar (see

Sugars).

The chemical properties of dulcite are very similar to those of

mannite. Hydriodic acid converts it into secondary hexyl iodide,

which is identical with that from mannite. When it is heated,

amorphous chdcitan CgHgO(OIT)4 is formed, and on heating it with
acetic acid it yields a great number of neutral compounds, some of

which are ethers of dulcite and other ethers of dulcitan. Tlie

hexacetate Cgllg(C2ll30.2)g forms hard crystalline plates, melting at

171°, and subliming at above 200°
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Isodulcite CgH^2^r) + ^^2^ obtained by boiling qiiercitrin

(see Glncosides) with dilute acids. It forms large transparent crystals,

resembling sugar-candy, and melting with loss of water at 105° to

110°. A mixture of nitric and sulphuric acids converts it into the

nitrate 0^117(^03)3(011)2, which is only slightly explosive.

Quercite C,.H7203 exists in acorns, and forms monoclinic crystals,

melting at 235° and possessing a sweet taste. By a mixture of nitric

and sidphuric acid it yields a resinous and very explosive nitrate.

Finite 03117205 has been found in a Oalifornian pine {Finns laniber-

tiana
) ;

it forms crystalline nodules, which are soluble in water, possess

a very sweet taste, and melt without decomposition above 150°.

MANNITIC ACID 05Hg(0H)5.002H.

Idiis monobasic acid is produced by exposing a moist mixture of

mannite and platinum-black for some time to a temperature of 50°

to 60°, a part of the mannite at the same time being oxidized to a

peculiar kind of sugar called mannitose C3II72O3. IMannitic acid is a

gum-like mass, very soluble in water, and forming uncrystaUizable

salts.

SACCHARIC ACID C7H7(OH)7-|

Is a product of oxidation of mannite, cane-sugar and other kinds

of sugar. To prepare it, one part of cane-sugar is heated with three

parts of nitric acid (specific gravity 1'3), and the liquid kept for some
time at 50°. After diluting with half a volume of water, the solu-

tion is neutralized with potassium carbonate, and then an excess of

acetic acid is added. On standing, acid potassium saccharate crystal-

lizes out, which is converted into the neutral salt, and its solution

precipitated with cadmium nitrate. The well-washed cadmium
saccharate is decomposed by hydrogen sulphide. On evaporating

this solution, the acid is left behind as a white amorphous mass, having

a very sour taste.

By boiling it with nitric acid, it is oxidized to tartaric acid :

—

C,H,(OH),
I

+ 20, = C,H,(OH),
|
gg;™] + 2CO, + 2H,0

MIJCIC ACID C,H,(OH),
I qqq}}

This isomeride of saccharic acid is obtained by oxidizing dulcite,

milk-sugar, and several kinds of gum. It is best prepared by heating
2
'5 parts of milk-sugar with four parts of water and four parts of
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nitric acid of specific gravity 1*33, until a reaction commences, and
then keeping the liquid for half an hour just at the boiling-point. On
cooling, muric acid separates out in small crystals. From the mother-

liquor more may he obtained by boiling it with nitric acid. Mucic
acid is but sparingly soluble in cold water, and can therefore easily

be separated from saccharic acid, which is often produced together

with muric acid by oxidizing several kinds of sugar and gum. By
the prolonged action of nitric acid it is oxidized to racemic acid and
oxalic acid

;
hydriodic acid reduces it to adipic acid C4

Hg(CO.OH).
2

.

When mucic acid is heated with phosphorus pentachloride, it yields

the compound C^H
2
Cl

2
(COCl)

2
:

—

C,H,(OH),
I

+ 6PC1, = C,H,C1,
1

“Cl
+ gPOCl, + 8HC1

This chloride is decomposed by watei’, chloromuconic acid

C^H
2
Cl

2
(CO.OH)2 being formed, crystallizing in long white needles.

On heating this acid with alcoholic potash to 170°, it is resolved into

hydrochloric acid, oxalic acid, and acetic acid.

Hydromuconic acid C
4
Hg(CO.OH )2 is obtained by treating chloro-

muconic acid with water and sodium-amalgam
;

it crystallizes in

white needles, melting at 195®. By the further action of nascent
hydrogen it is converted into adipic acid. When bromine is added
to a solution of hydromuconic acid in glacial acetic acid, it yields

dibromadipic acid, C^HyBr
2
(CO.OH)

2 , crystallizing in small warty
needles. On adding silver oxide to its hot aqueous solution, the

following reaction takes place :

—

+ -^02^ ~ d- HgO -I- 2AgBr

Muconic acid CgHgO^ is produced, forming large monoclinic
crystals. It is a monobasic acid, which on boiling with baryta water
yields carbon dioxide, acetic acid, succinic acid, and other products.

The formation as well as the products of decomposition of this acid

show that its constitution must be similar to that of aconic acid

(page 239), and may be expressed thus :

—

()

VA)( )C—CH,—CH,—CO.OH

PYROMUCIC ACID CgH^Og

Is a product of the destructive distillation of mucic acid, but is

more conveniently obtained by decomposing its aldehyde with
alcoholic potash. Pyromucic acid is a monobasic acid, and crystallizes

in flat needles, melting at 134°.



282 THE CHEMIETliY OF

rYKOMUClC ALDEHYDE OK FUKFUROL

Ts a light, oily liquid, boiling at 162°, and possessing a peculiar

aromatic odour. It is found amongst the products of destructive dis-

tillation of sugar, and is also produced, together with methyl alcohol,

when fir-wood is heated with water for a considerable time under a

pressure of 100 lb. to the inch. Furfurol is best produced by dis-

tilling bran with dilute sulphuric acid
;
instead of bran, flour, saw-

dust, or gum may also be used. These bodies contain an insoluble

substance, which, when boiled with very dilute sulphuric acid, is con-

verted into a brownish sweet syrup
;
and this, by distillation with

sulphuric acid, yields furfurol. Furfurol combines with the acid

sulphites of the alkali-metals, forming crystalline compounds, and
reduces an ammoniacal silver-solution.

When furfurol is in contact with aqueous ammonia, it is converted

into fiirfuramide ^ yellowish-white, crystalline, insoluble

substance, which by acids is again resolved into its constituents

;

whilst, by dilute boiling potash, it is converted into an isomeride,

called furfurinc ; it is but sparingly soluble in water, but freely in

alcohol
;

its solution has a strong alkaline reaction. With acids it

forms a series of beautifully crystallizable salts, having an intensely

bitter taste.

Furfuryl alcohol C5H(.02 is produced, together with pyromucic
acid, by the action of caustic potash on furfurol :

—

2C5H4O.2 -1- KOI! = C5H3KO3 -h C3II3O.,

It is an oily liquid, which distils at 170°—180° with partial de-

composition.

Tetraphenol C^H^O is a limpid liquid, boiling at 32°, and liaving

a peculiar smell
;

it is produced by heating pyromucic acid with

alkalies :

—

2CJT3O.COH -f KOIl = C,ll30.C0.0K + C,ll30.CH.2.0IT

Fucusol C..H^0.2. This isomeride of furfurol has been obtained by

boiling seaweeds with dilute sulphuric acid
;

it is a liquid closely

resembling furfurol, both in its physical and chemical properties. It

lioils at 171°, and yields, with silver oxide and water, ^pyromucic

acid 0^146)3, crystallizing in small rhomboidal plates, melting at

130°.

PYKKOL C4H5N AND CARBOPYRROLAMIDE C^IIgONHy

These two coiu])Ounds are formed by the destructive distillation of

ammonium pyromucate. On evaporation the aqueous portion of the

distillate, carbopyrrolamide, is obtained in brilliant plates. By the

action of boiling baryta-water it is resolved into ammonia and carho-
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pyrrolic acid C
5
H^N0 .2 ,

which is obtained as a white flocculent preci-

pitate on adding hydrochloric acid to the solution
;

it crystallizes

from alcohol in white prisms, and sublimes at 190° in small feathery

crystals. At a high temperature it is resolved into carbon dioxide

and pyrrol, which is also readily obtained by heating ammonium
pyromucate with glycerin. Pyrrol is a colourless oil, when freshly

prepared, but it soon assumes a brown colour
;

it boils at 133°, and
possesses a pleasant smell. Pyrrol has the characteristic property of

imparting a fine crimson colour to pine-wood, moistened with hydro-

chloric acid. This pyrrol-red has the empirical formula 0^.211^^02 ;
it

is also obtained as an amorphous precipitate by heating pyrrol with

an excess of hydrochloric acid, and by the action of acids on tetra-

phenol and furfuryl alcohol.

Potassium dissolves in pyrrol with evolution of hydrogen, potas-

sium-pyrrol C3
H^KN being formed, which, with ethyl iodide, yields

ethyl-pyrrol C3
H^(C.

2
H

5
)]Sr, a colourless liquid smelling like turpen-

tine
;

its vapour colours pinewood, moistened with hydrochloric acid

like pyrrol.

The constitution of the compounds derived from mucic acid is not

exactly known
;
the relation between them may be expressed by the

following formula :

—

Adipic Acid. Mucic Acid. Pyromucic Acid.

p PT / CO.on p /nif^ f
CO.OH ^C4^8

I CO.OIT
C^H^fOlIj^ qo.OH CJLjO.CO.OH

Carbopvi'i’olamide. Carbopyrrolic Acid. Pyrrol.

C,H3(NH)CO.Nll2 C,H3(NH)C0.0H C,11,.NH

CHELIDONIC ACID AND MECONIC ACID.

Clielidonic Acid C.jH(CO.OH)
3

.—This tribasic acid occurs, together

with malic acid, in Chelidonium majus, and is obtained by heating the

juice of this herb to the boiling-point, filtering and acidifying the

liquid with nitric acid. On adding lead-nitrate, a crystalline precqii-

tate of lead, chelidonate, is formed, which is decomposed by hydrogen
sulphide. Clielidonic acid is sparingly soluble in cold, but readily in

hot water, and crystallizes in colourless needles. By the action of

bromine it is decomposed, yielding bromoform and pentahromacetone
CgHBr^O.

Meconic acid C^HO(CO.OH)g is found in combination with mor-
phine and other bases in opium

;
its calcium salt is obtained as a by-

product in the mannfacture of these alkaloids. On decomposing this

salt with hydrochloric acid, impure meconic acid separates out, which
is purified by converting it into the ammonium salt, which is crystal-

lized, and then again decomposed with hydrochloric acid.

Meconic acid crystallizes from a hot aqueous solution in scales or
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prisms containing three molecules of water. The silver salts of this

acid are very characteristic. On adding silver nitrate to an aqueous
solution of the free acid, the acid salt C^AqgHgO^ separates out as a

white precipitate, which, when boiled for some time with water, is

converted into the yellow normal salt CyAqgHO^, which is also pro-

duced by precipitating a neutral solution of a meconate with silver-

nitrate.

Ferric chloride produces a blood-red colour in a solution of

meconic acid, which is not destroyed by the addition of gold chloride,

whilst the similar coloration produced by ferric chloride in solutions

of sulphocyanates disappears on adding a solution of gold chloride.

Nitric acid oxidizes meconic acid to oxalic acid. By acting with
sodium-amalgam on its aqueous solution, it is converted into hydro-

meconic acid an amorphous and deliquescent mass.

]\teconic acid is easily resolved into carbon dioxide and conienic

acid 0^1120(00.211)2. This decomposition may be effected by heating

the acid to 220°, or by boiling it for a long time with w’ater or dilute

hydrochloric acid. Comenic acid crystallizes in prisms, which are

almost' insoluble in cold water, but more freely soluble in boiling

water
;

its aqueous solution gives also a blood-red colour with ferric

chloride.

When comenic acid is subjected to destructive distillation, it

again loses carbon dioxide, and is converted into pyrocoriienic acid

C4tI3O.CO.OH, forming large transparent plates, which readily sub-

lime, and are freely soluble in water.

CARBO-HYDRATES.

Tlie compounds of this group contain either six atoms of carbon

in the molecule, or a multiple of this number, and oxygen or

hydrogen always in the same proportion as in water. They are

divided into three groups :

—

(1) Saccharosc.s.

+ Cane Sugar

-f- Milk Sugar

+ Melitose

+ Melizitose

-f- Mycose

Synanthrose

(2) Glucoses.

-I- Grape Sugar

(Dextrose)
— Levulose

-f Galactose
— Sorbin
— Eucalin

Inosite

(3) Aiin'lo.ses.

(cyt
2,03)„

-f- Starch

+ Glycogen

-I- Dextrin
— Inulin

Gums
Cellulose

Tunicin

Most of these compounds occur in the vegetable kingdom, forming

some of the most important constituents of plants, and a few also

occui- ill the animal organism. The chemical constitution of cnly a
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few is known, but that they are nearly related to each other is

shown by the fact that most of them can be converted into glucoses

by the action of dilute sulphuric acid. The majority of them are

optically active, or possess the power of turning the plane of polari-

zation, some to the right hand and some to the left. The right-

handed substances are marked in the preceding table with -f-, and the

left-handed with —

.

(1) SACCHAROSES.

CANE-SUGAR Ci2^22^ir

Cane-sugar occurs in the juice of many plants, in most sweet

fruits, in the nectar of flowers, and in honey. In the greatest

abundance it is found in sugar-cane {Saccharum officinarum), in

Sorgho saccharatum (the Asiatic sugar-cane), in beetroot, in sugar-

maple, and in several palm-trees.

Sugar is either obtained from sugar-cane or beetroot
;

smaller

quantities are also extracted from sorgho and sugar-maple.

Tlie juice of the sugar-cane is neutralized by a milk of lime and
heated to the boiling-point

;
a coagulum consisting of albuminous

matter, phosphates, &c., soon separates out. The clear liquid is

quickly evaporated either in open pans, or better in vacuo^ to the

consistency of a thick syrup, and then left to crystallize. The “ raw
sugar ” is drained from the “ mother-liquor,” which, on further

evaporation, yields a second crop of crystals, and a thick brown
uncrystallizable syrup called “ molasses,” or treacle, is left behind.

The raw sugar is sent from the West Indies, &c,, to this country,

and “ refined ” by dissolving it in water, adding some lime-water,

and filtering the heated liquid through a thick layer of animal
charcoal. The colourless filtrate is evaporated in “ vacuum-pans ”

to the crystallizing point, and put into earthen moulds, where it

solidifies to a white mass of “ loaf-sugar.” To obtain “ sugar-candy,”

it is not so far concentrated, and allowed to evaporate quietly

and slowly.

Pure cane-sugar crystallizes in large transparent monoclinic

prisms, emitting a phosphorescent light when broken in the dark
with a hammer. It requires one-third of its weight of cold water,

and dissolves in any proportion in boiling water. It is much less

easily soluble in dilute alcohol, and almost insoluble in absolute

alcohol. It melts at 160° to a clear liquid, which solidifies on cooling

to a glassy, amorphous mass of “ barley-sugar.” When kept for some
time this loses its transparency and becomes crystalline. The pro-

perty of cane-sugar to turn the plane of polarization to the right is

made use of for the quantitative determination of sugar in solution,

the angle of rotation being exactly proportional to the quantity of
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SLio-ar contained in layers of equal thickness. The sacchai-ometer of

Soleil, an instrument in general use for this purpose, is provided witli

a graduated circle, divided in such a way that 100 divisions express

the rotation caused by a plate of quartz of one millimetre thickness.

Now, as exactly the same rotation is produced by a layer of a solution

of cane-sugar having a length of 20 centimetres, and containing

164‘71 grammes of sugar in one litre, it is only necessary, in order to

ascertain the quantity of sugar contained in a substance, to dissolve

164‘71 grammes in water, diluting to one litre, and observing the

rotation wliich it produces
;
the number of divisions being equal to

the percentage of sugar.

When sugar is boiled witli dilute sulphuric acid, it takes water up,

and is resolved into equal parts of dextrose and levulose :

—

^12^22^ d ^^2^ ~
-I-

The same decomposition occurs in a solution to which yeast has

been added. The solution of these two glucoses turns the polarized

light to the left hand, the specific rotatory power of levulose being

greater than that of dextrose, and a mixture of these two sugars is

therefore called inverted sugar.

When sugar is heated above its melting-point, it loses water, and a

brown amorphous bitter substance called caraiml remains behind.

At a still higher temperature it blackens
;
inflammable gases are

given off, consisting of marsh-gas, carbon, monoxide, and dioxide
;
and

a distillate is obtained, containing aldehyde, acetic acid, acetone, and
furfurol, while porous charcoal is left behind.

Strong sulphuric acid decomposes sugar when heated, and a con-

centrated sugar solution, even at the common temperature, with

copious evolution of sulphur dioxide and formation of a \ oluminous
black carbonaceous mass. The destructive distillation of a mixture

of lime and cane-sugar yields marsh-gas, carbon dioxide, acetone,

metacetone CgllioO, and isophorone CgHj/). ]\Ietacetone is a colourless

liquid, boiling at 84°, and possessing an aromatic smell. On oxi-

dation with chromic acid, it yields carbon dioxide, acetic acid, and
propionic acid. Isopliorone is an oily liquid, boiling at 210° and
having a sweet aromatic odour.

Sugar is an alcohol of an octad radical
;
by lieating it with a large

excess of acetic anhydride to 160°, the acetate ^'12111403(0311302)3 is

obtained as a viscid liquid.

Dilute nitric acid oxidizes cane-sugar to saccharic acid, which by
further oxidation is converted into tartaric acid and oxalic acid, but

by the action of a mixture of strong sul])huric and nitric acid it

yields the nitrate 0^^2111807(^03)4, which is an amorphous, explosive

body.

Oane-sugar forms also metallic conqiounds; its aqueous solution

dissolves caustic lime, baryta, magnesia, and lead oxide : these solu-

tions have a strong alkaline reaction and a bitter taste, and are

decomposed by carbon dioxide. Oopper oxide and ferric oxide also
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dissolve in a solution of sugar when an alkali is present
;
the blue

copper solution is slowly decomposed on boiling with the separation

of red cuprous oxide. When silver salts or gold salts are heated with

a solution of sugar, the metals are reduced to the metallic state.

When an aqueous solution of sugar is saturated with chlorine, and

the liquid is then treated with silver oxide, gluconic acid

an isomeride of mannitic acid, is formed. The acid is a sour, syrupy

liquid, but the calcium and barium salts crystallize well.

SYNANTHROSE

Occurs in the tubers of JJahlict variabilis, Helianthus tuberomm, and
of other Compositae. It is a light amorphous powder, which is very

deliquescent, has no sweet taste, and no action on polarized light.

Dilute acids or yeast change it into levulose and dextrose, and on

oxidation it yields saccharic acid.

MILK-SUGAR

Is an important constituent of the milk of mammals, and has also

been found together with cane-sugar in the juice of the SaiJodilla

{Achras sapola). It is prepared on the large scale, chiefly in Switzer-

land, by evaporating “ whey ” to a syrupy state. INIilk-sugar forms
hard rhombic prisms, losing their water of crystallization at 140°. It

dissolves in 6 parts of cold and 2'5 parts of boiling water, and has

only a faint sweet taste. When a large quantity of yeast is added to

a dilute solution of milk-sugar, fermentation sets in only gradually.

By using old cheese as ferment, milk-sugar is converted into lactic

acid
;

at the same time some mannite and alcohol are formed, the

latter in larger quantity if the solution be very dilute. When a

concentrated solution of milk-sugar is treated with sodium amalgam,
a part is reduced to dulcite, and another gives ethyl, isopropyl, and
hexyl alcohol.

Nitric acid oxidizes milk-sugar to mucic and saccharic acids, whilst

cane-sugar yields only saccharic acid. It also combines with bases

like cane-sugar, and reduces an alkaline copper-solution, and solutions

of the salts of the noble metals.

When milk-sugar is heated with bromine and water to 100°, it

combines with the bromine, forming a compound having probably the

formula Cgll^gBigOg. This body is easily acted upon by silver oxide,

and lactonic acid Cgll^gOg is formed. This monobasic acid is readily

soluble in water, and crystallizes in fine needles
;
by further oxidation

it is converted into mucic acid.
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MELITOSE CjJIggOii + .SHgO

Is found in a kind of manna which is obtained from various

species of Eucalyptus growdng in Tasmania. It crystallizes in thin

needles, having a faint sweet taste
;

it is soluble in nine parts of cold

and readily in boiling water. Wlien it is heated with dilute sulphuric

acid, or in contact with yeast, it is resolved into glucose (probably

dextrose), and an isomeric non-fermentable sugar called eucalin

MELIZITOSE Cj2H22^^1 + ^*2^^

Is found in the manna of Brian^on, which exudes from the young
branches of the larch-tree

;
it forms small, hard, shining, elllorescent

crystals, readily soluble in water, and possessing a sweet taste. By
the action of dilute sulphuric acid, it is converted into dextrose.

MYCOSE OR TREHALOSE Ci2ll22^n

Forms the chief constituent of Trehala, a kind of manna, wdiich is

the product of an insect living on an EcMnops species growdng in Syria

;

and it also occurs in different fungi, and the ergot of rye. It forms
shining, rhombic octahedrons, possessing a very sw^eet taste, and being
freely soluble in water and boiling alcohol. By boiling it wuth dOute
sulphuric acid, it is converted into dextrose.

(2) GLUCOSES CoHiaOe.

DEXTROSE, OR GRAPE-SUGAR.

This sugar is widely diffused through the vegetable kingdom,

occurring in most kinds of sweet fruit, as in grapes, in honey, &c.

It generally occurs mixed with an equal w’eight of levulose, or as

inverted sugar. It also is found, but in small quantity only, as a

normal constituent of blood, yellow of egg, urine, &c. In larger

quantity (up to 10 per cent.), it appears in urine in the disease called

diabetes.

Pure dextrose may be obtained by exhausting honey with cold

alcohol, to dissolve the more soluble levulose, and re-crystallizing the

residue from hot alcohol. Dextrose is manufactured on the large

scale by boiling starch wuth very dilute sulphuric acid for several

hours, neutralizing the liquid with chalk, and evaporating the solution

to crystallization.

Dextrose crystallizes from an aqueous solution wdth one molecule
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of water in cauliflower-like masses, and from hot alcohol in warty,

anhydrous needles. It is less sweet than cane-sugar, and less soluble

in water, requiring about one part of cold water for solution.

Dextrose precipitates from solutions of silver salts the metal, which,

if the solution contains free ammonia, separates in form of a brilliant

mirror on the sides of the vessel. When it is heated with an alkaline

solution of a cupric salt, red cuprous oxide is precipitated. This

reaction is made use of for the quantitative determination of grape-

sugar. A standard solution (Fehling’s solution) is prepared by
dissolving 34 64 grammes of crystallized copper sulphate and 200
grammes of Rochelle salt in 600 to 700 cb. cm. of soda-solution (speciflc

gravity 1‘2), and diluting with water up to exactly one litre. As one
molecule of grape-sugar reduces exactly five molecules of the copper
salt, one cb. cm. of the solution corresponds to 0‘005 gramme of grape-

sugar. The analysis is performed as follows :—10 cb. cm. of the

standard solution are placed into a basin, and after being diluted

with some water the liquid is heated to the boiling-point, and then
the sugar solution added by means of a burette until the blue colour

has completely disappeared.

Another simple method is founded on the fact that grape-sugar

reduces an alkaline solution of mercuric cyanide to metallic

mercury. 10 grammes of pure mercuric cyanide are dissolved in water,

100 cb. cm. of soda-solution (1T45 specific gravity) are added, and the

whole diluted wdth water to one litre. 40 cb. cm. of this solution

correspond to OT gramme of sugar. The analysis is performed in the

same w^ay as in Fehling’s method, and the end of the reaction recognized

by bringing a drop of the solution on Sw^edish filter-paper, and
holding it over strong ammonium sulphide, a brown stain being

produced as long as any mercuric cyanide remains in solution.

Dextrose melts at 170°, losing water at the same time, and being

converted into glucosan CgFl^^jOj, a colourless mass, wdiich is scarcely

sw-eet to the taste, and which by boiling wdth a dilute mineral acid is

reconverted into dextrose. When dextrose is more strongly heated, it

yields the same products as cane-sugar.

Concentrated suljrhuric acid dissolves dextrose without blackening,

dextrose-sulphuric acid being formed, the barium salt of which is

soluble in water.

Nitric acid oxidizes it to saccharic acid, and by ncting on it wdth
chlorine and moist silver oxide gluconic acid (page 287) is formed.

By the action of boiling acetic anhydride the diacetate

C(jHjj)0g(C2H30)2 is obtained as a colourless mass, having a bitter taste
;

at the same time also the triacetate CgHg0g(C2ll30)3 is formed, a

similar body wdiich is less soluble in water than the diacetate.

The compounds of dextrose wuth bases are very unstable bodies.

By saturating its solution wuth lime, a strongly alkaline solution is

obtained, which wdren kept for some time becomes neutral, and con-

tains then the calcium salt of glucinic acid '

is a sour, deliquescent, amorphous mass.

C V
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Dextrose forms also several compounds with sodium chloride
;
of

these, that having the composition CgHj20g + NaCl + H2O is most
readily obtained, and forms large crystals.

When yeast is added to a dilute solution of grape-sugar, fermenta-

tion soon sets in, the sugar being resolved into carbon dioxide and
ethyl alcohol.

By the acting with sodium amalgam on its aqueous solution, it is

converted into mannite; at the same time some hexyl alcohol is

formed together with ethyl alcohol and isopropyl alcohol.

This reaction, together with the fact that dextrose reduces the salts

of silver and other metals, shows that this sugar is the first aldehyde
of the hexad alcohol mannite. By further oxidation it is converted first

into monobasic gluconic acid, and then into bibasic saccharic acid.

The connections existing between these bodies appear clearly in the

following formulse :

—

Mannite.

CH„.OH

I

^

Dextrose.

CH2.OH
Gluconic Acid.

CH2.OH
Saccharic Acid.

CO.OH

CH.OH
I

CH.OH
1

CH.OH
1

CH.OH
I

CH.OH
1

CH.OH
1

CH.OH
1

CH.OH
I

CH.OH CH.OH
1

CH.OH
1

CH.OH
I

CH.OH
1

CH.OH
1

CH.OH
1

CH.OH
j

CH2.OH
I

COH
1

CO.OH
I

CO.OH

LEVULOSE CeHigOg

left-handed sugar is found mixed with dextrose, and often

also with cane-sugar in different kinds of fruit, and in honey. As
the two glucoses generally occur in equal quantities, they must have
been derived from cane-sugar originally contained in the plants, and
which by the action of acids or ferments has been transformed into

inverted sugar.

To prepare pure levulose a solution of cane-sugar is heated with

dilute sulphuric acid, and the liquid mixed in a mortar with slaked

lime, whereby a solid lime-compound of levulose is formed, while

that of dextrose remains in solution, and may be removed by strong

pressure. The dry residue is decomposed by a solution of oxalic acid,

and the filtrate concentrated by eva])oration.

Levulose is a colourless uncrystallizable syrup, and is more soluble

in water and alcohol than dextrose. It reduces the salts of silver and
copper like dextrose, and readily undergoes fermentation in contact

with veast.
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On heating, it is converted into levulosmi an amorphous
mass, which may be reconverted into levulose by boiling it with a

dilute acid.

By saturating a dilute solution of levulose with chlorine, and
then treating the liquid with silver oxide, no gluconic acid is formed,

but glycollic acid.

From this it appears that the constitution of levulose is different

from that of dextrose
;

it is also the aldehyde of a hexad alcohol

radical, and its constitution may be expressed by the following

formula, which at least readily explains why it is easily resolved into

glycollic acid

I

''

CH.OH
I

HO.C—CH..OH
I

CH.OH
I

COH
Now, as cane-sugar has to be regarded as an ether, its constitution

would be as follows

CH.OH

CH.OH
I

CH.OH

OH
I >0
cn^

o<'
.

CH
I >0
CH^

HO.C--CH2.OH

CH.OH

CH2.OH

This formula shows that cane-sugar contains the group hydroxyl
eight times, a fact which is proved by its forming an acetic ether con-
taining eight acetyls (page 286)

;
and further, it is shown tliat in cane-

sugar the aldehyde-group COH is not present; it acts tljerefore as
reducing agent only after being resolved into dextrose and levulose.

T- 2
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GALACTOSE

Is formed (probably together witli dextrose) by boiling milk-sugar
wilh very dilute sulphuric acid. It crystallizes in microscopic prisms,

and is readily soluble in water.

It is very easily fermentable, and reduces alkaline copper-solutions

like the two other glucoses. From dextrose it differs not only by the

greater dextro-rotatory power of its solution, but also by yielding on
oxidation only mucic acid (twice as much as the same weight of

milk-sugar). When inverted milk-sugar is treated with water and
sodium amalgam, it yields dulcite and 'manniie.

Besides these three glucoses, we are acquainted with several other

varieties, which all possess the property of being readily fermentable.

The following bodies, however, differ from the glucoses by not under-
going fermentation in presence of yeast, and by not being converted

into a glucose or fermentable sugar by the action of dilute acids.

Sorhin C^H^gOg occurs in the berries of the mountain-ash, and forms

large crystals, having a very sweet taste. When treated with chlorine

and silver oxide, it is oxidized to glycollic acid.

Inosite CgH^.^Og -f 2H
2
O has been found in the muscular substance

of the heart, lungs, liver, kidneys, «&c., in green kidney-beans and
the unripe fruits of other Papilionaceae, and also in other plants.

It forms large transparent rhombic crystals, which lose their water of

crystallization when exposed to the air. It is soluble in water, and
has a sweet taste. By the action of dilute nitric acid it is oxidized to

oxalic acid, but the concentrated acid converts it into an explosive

nitric ether, called nitro-inosite CgHg(lSI’03)g.

Eucalyn CgH^206 is obtained together with ethyl alcohol by the

fermentation of melitose, and forms an uncrystallizable syrup :

—

+ H2O = 2CO
2 + 2C2HgO + CgH,20g

(3) AMYLOSES (((iO,olB,)„

STARCH, OR AMYLUar.

This important and widely-diffused body is found to a greater or

less extent in nearly every plant. It is most abundant in grain, in

rice, and a great many other seeds, and in certain roots and tubes, as

in potatoes, and in the stem of several palm-trees.

Starch is a soft, white powder, which under the microscope is seen

to be destitute of crystalline structure, being made up of transparent

rounded granules, possessing an organized structure. The starch-

granules of different plants vary much both in form and magnitude
(see Figs. 12 and 13), the average diameter, being of

—
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Potato-starch 0'185 mm.
Sago-starch 0'070 „

Wheat-starch 0’050 „

Starch from Chenopodium Quinoa . 0 002 „

Starch is insoluble in cold water, and in alcohol and ether. When
it is heated with water above 60°, the granules burst, and form a thick

mucilaginous mass, called “starch-paste.” On boiling starch with

a large quantity of water for a long time, the particles become so

finely divided, that they pass through filter-paper, and on continuing

the boiling a complete solution of starch is effected. When alcohol

is added to the clear liquid thus obtained, soluble starch is precipitated,

a white amorphous powder, which is soluble in cold water.

Both insoluble and soluble starch combine with iodine, forming a

deep-blue compound, which, when heated with water, becomes colour-

less
;
but on cooling the blue colour appears again. Bromine imparts

to starch an orange colour.

Fio. 12.— Potato-starch. - Fig. 13.—Wheat-starch.

A hot solution of starch is precipitated by lime-water, baryta-
water, and basic lead acetate, insoluble compounds of starch with the
oxides being formed.

Cold concentrated sulphuric acid dissolves starch with the forma-
tion of amylum-sulphuric acid. The concentrated nitric acid converts
it without the evolution of gases into the nitrate Ci2

Hjg0g.N03 called
xyldidin, which on addition of water is precipitated as a white
powder. The dry substance burns like gunpowder, and detonates by
percussion.

\\ hen starch is heated with an excess of acetic anhydride in 140°,

it is converted into hexacctyl-amylum a white
amorphous body

;
which is not coloured blue by iodine, and when

treated with alkalis is resolved into starch and acetic acid.
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DEXTRIN.

This body, which is also called British Gum, is an amorphous white

powder or gum-like mass, which is readily soluble in "water, and
occurs in small quantity in plants and in the flesh. It is obtained

by heating starch above 150°, or by exposing starch moistened
with dilute hydrochloric or nitric acid to a temperature of 110°.

Dextrin is also formed by heating starch-paste to 70°, and adding to

it an infusion of malt, or boiling it for a short time with dilute

sulphuric acid. The active principle of malt is a ferment called
“ Diastase,” of which a very small quantity is sufficient to convert a

very large quantity of starch into dextrin. By the further action of

diastase or sulphuric acid upon dextrin, it assimilates water, and
is converted into dextrose.

Hexaceiyl-dextrin Cj
2
Hj

4
(C

2
H30)g05 is obtained by heating dextrin

or starch with acetyl anhydride to 160°
;
it is a white amorphous body,

insoluble in water, but soluble in glacial acetic acid, and yielding

again dextrin by the action of alkalies.

GUMS.

The name gum is used to designate a number of bodies occurring

in many plants
;
they are all amorphous, more or less soluble in

water, and insoluble in alcohol
;

on boiling them with dilute

sulphuric acid, they are converted into a glucose.

Gum-arabic, and gum-senegal are the produce of different kinds of

acacia. They form colourless or yellow rounded irregular masses,

which are more or less transparent, and dissolve in water to a thick

viscid solution. These gums consist of the potash and lime com-
pounds of Arabin. To prepare this compound, a little hydrochloric

acid is added to a solution of gum-arabic, and the arabin precipitated

by alcohol. It is a white, amorphous, tasteless mass, which when
dried at 100° has the composition Cj

2
ll

2o^io + H 2O ;
at 150° it

becomes anhydrous. Nitric acid oxidizes it to inucic and saccharic

acids. When arabin is heated ^Adth dilute sulphuric acid, it is con-

verted into arabinose CgH^gOg, a non-fermentable sugar, crystallizing

in rhombic needles, and turning the plane of polarization strongly to

the right.

Gerasin is the insoluble part of the gum of the cherry-tree and
plum-tree, and is also found together with arabin in beet-root

;
it forms

with cold water a thick, mucilaginous liquid. A similar substance is

gum-tragacanth.

Mucilage occurs in many plants, as in the kernels of the quince,

in linseei in salep (the roots of orchis species), in the root of the

marsh-mallow, &c.
;

it is soluble in cold water, forming a thick, more

6r less opaque liquid..
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INULTN

Occurs, together with synanthrose (page 287), in the roots of Inula

Helenium, Helianthus htbcrosus, &c. It is a light, white powder,

which is sparingly soluble in cold water. In hot water it dissolves

to a mucilaginous liquid, from which, on cooling, the greater

part of inulin is again deposited as powder. Iodine imparts a

brown colour to it. By boiling with dilute acids it is converted

into levulose.

GLYCOGEN

Is a white, amorphous powder, resembling starch, and occurring in the

liver of several animals, and in the tissues of the embryo, in the

yolk of egg, and some mollusca. It dissolves in cold water to an
opalescent liquid, and gives a brown colour with iodine. By
the action of ferments or dilute acids it is readily converted into

dextrose.

CELLULOSE, OK LIGNIN,

Forms a large proportion of the solid parts of all plants. The
pure substance is readily prepared by treating fine linen or cotton

with dilute potash-solution, dilute acids, ether, &c., to remove all

adhering impurities. In the pure state it is perfectly white, exhibit-

ing the structure of that part of the plant from which it has been
obtained. It is insoluble in water, alcohol, and ether, but readily

soluble in a solution of cupric hydroxide in ammonia. On adding an
acid to this solution, it is precipitated as an amorphous mass.

Concentrated sulphuric acid dissolves it in the cold; on adding
water to this solution, white amorphous flakes separate out, which
are coloured blue by iodine, like starch. By the continued action of

sulphuric acid, it is converted into dextrin and dextrose.

If unsized paper be dipped for a few seconds in a cold mixture
of two volumes of concentrated sulphuric acid and one volume of

water, and then washed with water and ammonia, the so-called j)arch-

ment pa^er is obtained.

By the action of concentrated nitric acid on cellulose, it is without
change of form converted into a nitric ether, the composition and
properties of which vary according to the mode of preparation.

Gun-cotton 0^.211^404(1703)^.—To prepare this body, cotton-wool is

first immersed in a boiling dilute solution of potassium carbonate,

then washed with water and well dried. It is now steeped for a few
minutes in a cold mixture of one part of concentrated nitric acid

and three parts of oil of vitriol, then squeezed, and again placed in a
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fresh acid mixture, and left there for forty-eight hours. It is then

again well squeezed, and washed for a long time with running water,

and lastly steeped again in a solution of potassium carbonate.

Gun-cotton thus manufactured will keep without change for

almost any length of time, and may be kept under water for safety’s

sake
;
possessing, after drying, all its original properties.

It is insoluble in water, alcohol, and ether. It takes fire at 150°,

burning away rapidly, but without explosion
;
but when ignited in a

confined space, or by percussion, it decomposes with a violent detona-

tion, the action of which equals that of five times its weight of gun-

powder. The products of its decomposition consist principally of

nitrogen, carbon monoxide, carbon dioxide, and water.

A different product is obtained by steeping cotton-wool in a warm
mixture of two parts of dry saltpetre and three parts of concentrated

sulphuric acid, for twenty-four liours : the substance tlius formed is

called soluble gun-cotton, or collodion-wool

;

it is less explosive, and
readily soluble in a mixture of ether with a little absolute alcohol,

forming a clear solution called collodion, which, wdien left to evaporate,

dries up quickly to a thin, transparent, adhesive, waterproof mem-
brane, which is used in surgery as a covering for wounds and burns.

Collodion is also largely used in photography to cover glass-plates

with a transparent membrane containing silver-salts.

Collodion w^ool contains less NO3 than gun-cotton, but its composi-

tion is not exactly known
;
both conq^ounds are reconverted into

cotton-w^ool by acting on them with a solution of a ferrous salt or

other reducing agents; hydroxyl replaces the group NO3, and the

latter oxidizes the ferrous salt, and nitric oxide is given off.

By the action of strong nitric acid upon paper, sawdust, flax, &c.,

explosive bodies resembling gun-cotton are obtained.

.Woody fibre does not contain free cellulose but in combination

wdth other bodies. Thus finely-divided pinewood {Pinus ahies), after

being purified by exhausting it with very weak acetic acid, hot water,

alcohol, and ether (in order to remove colouring matter, resin, &c.),

yields to an ammoniacal solution of cupric oxide only a ’ trace of

cellulose. Its composition was found to be C3oH^02i ;
on boiling it

with hydrochloric acid, dextrose goes in solution, and an insoluble

residue of Lignosc C^gllgeO^^ is left behind :

—

C3H46O21 + 2H2O = 2C,H,20c + C.sH^eOn

Lignose is also insoluble in an ammoniacal solution of cupric

oxide, but is converted into cellulose on boiling it with weak nitric

acid
;
besides cellulose, otlier products are formed, probably belonging

to the aromatic group, as by fusing lignose with caustic potash,

giyrocaiechin Cj,IIq02, a body belonging to this group, is formed.

Pine-wood may therefore be regarded as a kind of ether, containing

the radicals of grape-sugar, cellulose and pyrocatechin ;

—

+ 2H,0 + 0 2Cyi„0„ + + C„H„0,
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The stony concretions of pears principally consist of glucodrupose

C
24
H.^g0 ^g,

which by boiling with hydrochloric acid yields dextrose

and drupose C^
2
H

2o08 ;
and the latter, when boiled with weak nitric

acid, yields cellulose, whilst on fusing it with caustic potash pyro-

catechin is formed.

TUNICIN.

This name has been given to a substance which has the greatest

resemblance to cellulose, and appears to be identical with it. It

occurs in the mantle of Ascidia (spec, of Cynthia, Phallusia, &c.),

from which it is obtained by boiling the mantles first with hydro-

chloric acid, and then with caustic potash. In concentrated sulphuric

acid it deliquesces to a colourless liquid, which on boiling with water

yields a glucose.

FERMENTATION.

Several kinds of sugar and other bodies undergo, under certain

conditions, a peculiar chemical change called fermentation. Fer-

mentation is always caused by the presence of a ferment or a sub-

stance in a peculiar state of decomposition. Although to start

fermentation the presence of a ferment is necessary, it does not take

part in the decomposition of the fermenting substance. The products

of fermentation vary according to the nature of the fermenting body, as

well as according to the nature of the ferment. Each peculiar kind
of fermentation requires a certain temperature, and it is nearly always
accompanied by the development of certain living bodies (infusoria

or fungi)
;
but whether the growth of these is a cause or a consequence

of the chemical change has not yet been decided.

In many cases fermentation sets in without bringing a ferment in

the liquid
;
thus grape-juice, when exposed to the air, soon begins to

ferment, because it contains albuminous substances which, in contact

with the air, readily undergo decomposition or putrefaction, and are

thus converted into a ferment.

Vinous Fermentation .—When yeast is added to a dilute solution of

dextrose or another glucose, vdnous fermentation speedily sets in
;

whilst a solution of cane-sugar undergoes fermentation only slowly,

the cause being that this sugar must first be converted into in-

verted sugar before fermentation can commence. Vinous fermenta-

tion does not take place at a temperature below 0° or above 35°, and
proceeds most rapidly at 25° to 30°. The presence of a large quantity

of acids or alkalis prevents fermentation
;
while if the liquid has a

faint acid reaction, fermentation proceeds best. The chief products of

vinous fermentation are ethyl alcohol and carbon dioxide :

—

C,H,20, = 2C2IT8O -h 2CO,
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A small quantity of sugar is at the same time converted into other

products
;
about 2‘5 per cent, being transformed into glycerin and

0’6 to 0'7 into succinic acid.

The yeast which is formed in the fermentation of the juice of grape

and other kinds of fruit, and of malt-wort, is produced from soluble

albuminous bodies contained in fruit and corn, ft consists of one of

tlie lowest members of the vegetable kingdom (Torula cerevisicc), and
under the microscope is seen to be made up of little oval, transparent

globules, having a diameter of not more than 01 mm., and often

cohering in clusters and strings. They are propagated by budding,

and quickly die as soon as they have reached their highest state of

development. In contact with air and water, yeast soon undergoes

putrefaction.

Lac.tic Fermentation .—This kind of fermentation takes place by
adding putrefying cheese to a dilute solution of glucoses, cane-sugar,

milk-sugar, or gum, and exposing it to a temperature of 25° to 35°.

= 20311,03

Acids prevent lactic fermentation, and therefore chalk or zinc

oxide is added to keep the solution neutral. Together with lactic

acid, a certain quantity of mannite is always produced, and also a

peculiar microscopic fungus consisting of small globules.

Butyric Fermentation .—When the semi-solid mass of calcium

lactate formed in lactic fermentation is exposed to a temperature

above 36°, it redissolves, being converted into soluble calcium buty-

rate. At the same time hydrogen is evolved, and a living micro-

scopic organism having a cylindrical shape and a length of about

making its 0 02 mm. appears in the liquid.

M-ueic Fermentation .—Under certain conditions which are not quite

understood, dextrose undergoes mucic fermentation, the products of

which consist of lactic acid, mannite and a kind of gum
;
a micro-

scopic fungus in the shape of small globules, adhering in rings,

making its appearance at the same time.

Other kinds of fermentation will be found under the head of

Glucosides.

TERPEXES AND CAMPHORS.

This group consists of a number of compounds, containing ten

atoms of carbons in the molecule. The terpencs are hydrocarbons,

having the common formula C,q11j,, and possessing very similar che-

mical properties, whilst their physical properties vary
;
the different

compounds having different boiling-points, specific gravities, &c.

Their odour also varies much, and most of them are optically active

;

some turning the place of polarization to the right, others to the left.

The cause of this pihy.ncal isomerism is not yet known.
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The camphors contain oxygen, and most of them exhibit the

character of alcohols.

Most of the terpenes, as well as camphors, exist in plants as essential

or volatile oils.

OIL OF TURPENTINE

All the trees beloDging to the order Coniferjc contain resins and

liquid hydrocarbons
;
a mixture of both exudes as an oleo-resinous

juice from the barks of these trees, and is called turpentine. When
turpentine is distilled, either alone or with water, the hydrocarbons

volatilize, and resin is left behind.

Oil of turpentine is obtained from different species of Finns and
Abies; it is a limpid, mobile liquid, with the specific gravity 0.89,

and boiling at 160°. It is almost insoluble in water, but readily

dissolves in strong alcohol and glacial acetic acid; Avith ether and
absolute alcohol it mixes in any proportion. Oil of turpentine

dissolves sulphur, phosphorus, resins, and many other bodies which
are insoluble in water. It readily absorbs oxygen, converting it into

ozone, which gradually oxidizes the oil, forming resinous products.

The oils of turpentine of different origin exhibit considerable

diversities m their optical properties. The Trench oil (from Finns
maritima), as well as the oils from Films Larix and Abies peetinata,

turn the plane of polarization to the left, whilst English turpentine-

oil (from Finns australis) turns it to the right.

These different varieties are converted into new optical modifica-

tions, by repeated distillation or by the action of acids. It also appears

that the oil contained in the plants is different from that which is

obtained by distillation. Thus, on distilling the young branches of

the pine with water, an oil is obtained possessing an agreeable

odour, which is changed into that of the common oil by distilling it

over potash.

When oil of turpentine is boiled with dilute nitric acid, it is

oxidized to acetic acid, propionic acid, butyric acid, oxalic acid, terebic

acid, and other compounds. Terebic acid Cyll^gO^ crystallizes in

colourless prisms, and is resolved by heat into carbon dioxide and
pyroterebic acid CgH^(j02 (see page 270).

Terpin or Hydrate of Turpentine-oil Cjgll2g02 -1- HgO.—Oil of

turpentine slowly combines with water, forming terpin
;
this combina-

tion takes place more quickly if an acid be present. To prepare this

compound, eight volumes of the oil are mixed with two volumes of

weak nitric acid and one volume of alcohol
;
the mixture is exposed

to the sunlight, and frequently shaken. Terpin crystallizes in large

rhombic prisms, melting at 100° with loss of one molecule of water

;

the anhydrous compound sublimes at 150° in needles. It is sparingly

soluble in cold water, but dissolves freely in alcohol and in boiling

water.
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Terpinol i,s obtained by boiling terpin with dilute

hydrochloric or sulphuric acids. It is a colourless and very refractive

oil, smelling like hyacinths, and boiling with partial decomposition
at 168°.

When tei'pin is heated with alkalis to 400°, it is converted into

tcrebentic acid CgHgoOg, crystallizing in small needles, melting at 90°,

and boiling at 250°.

Terpenc Monohydrochloride C^qH^^CI.—

W

hen hydrochloric acid gas
is passed into oil of tuiiDentine, two isomeric hydrochlorides are

produced. One, being a solid, crystallizes from hot alcohol in brilliant

prisms, melting at 115°, and boiling at a higher temperature with
partial decomposition. This body has a strong odour resembling that

of camphor; by passing its vapour over quicklime at 200°, it is

resolved into hydrochloric acid, and camphilene C^Qll^g, a liquid which
is optically inactive.

The second hydrochloride is a liquid, which by distillation over
quicklime yields optically inactive camphilene CjgHjg. The liquid

compound is easily oxidized by nitric acid, which does not act on the

solid modification.

Terpene Dihydrochloride Cj^gH^gClg is formed when oil of turpentine

is left for several weeks in contact with fuming hydrochloric acid, or

when the gaseous acid is passed into terpin or terpinol. It forms
colourless crystals, and yields by distillation over quicklime a

terpene, smelling like rosemary.

All these different terpenes may again be combined with hydro-
chloric acid, and the hydrochlorides thus formed are converted into new
modifications of turpentine oil by distilling them with quicklime,

but all yield at the end one and the same product, called terehene

CioHig. The same body is produced together with dietcreheiie CggHsg,

wlien oil of turpentine is treated with boron fluoride or strong

suljjhuric acid. Terebene has also been obtained synthetically from
amylene Cgll^g, which by the action of sulphuric acid is converted

into diamylene (page 234). By heating diamylene dibromide

with alcoholic potash, it yields rufylc7ie C^gH^g, and the dibromide of

this hydrocarbon again loses hydrobromic acid by the action of potash,

and is converted into terebene.

Terebene is a mobile liquid, boiling at 156°, and smelling like

thyme
;

it is optically inactive, and iorms with hydrochloric acid a

se7n i-hydrochloride (CjgH^g)._jClH.

By the action of chlorine on oil of turpentine, substitution-

products are formed, which are but little known. When chlorine

is passed over the solid monohydrochloride, a yellow liquid,

CJQH12CI4 HCIJ is formed, which easily splits up into hydrochloric

acid, and tctrachlorofnpcne C^gll^gCl^, colourless crystals melting

at 110°.

When bromine is added to well-cooled oil of turpentine or terpine,

terpene dibromide C^gHigBr, is formed; it is a heavy oily liquid, and

a very unstable compound, which by heating it Avith aniline to 180°
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loses liydi'obromic acid, and is converted into cymem an
aromatic hydrocarbon occurring in several volatile oils.

Iodine acts violently on oil of turpentine
;
when a large quantity

is added at once, an explosive reaction takes place, and the liquid

frequently takes tire
;
but by adding the iodine only gradually, and

then heating the solution for some time, cymene and hydriodic acid

are formed.

This transformation of oil of turpentine into cymene explains its

constitution
;
cymene is metliyl-isopi'opyl-henzene (see Aromatic Com-

pounds), and is produced by abstracting two molecules of hydro-
bromic acid from terpene dibromide : this reaction is explained by
the foliowin a; formulae :

—

O

Oil of Turpentine. Terpene Dibroinide. Cymene.

dig
1

CH,
1

CH,

CH CH
1

C
/\ /\ /X

HC CH HC CHBr HC CH
11 II 11 I II 1

HC CH HC CHBr HC CH
\/ \./

C
I

C C
I

HgC—CH—CH3
1

H3C—CH-CH3
1

H3C—CH—CH
Whether terebene has the same constitution as oil of turpentine

is not known
;
but supposing it was so, the synthesis of this hydro-

carbon from amylene may also easily be explained :

—

Two molecules of Amylene. Terebene.

CIL, CII3
1

1

CH
1

CH
/\ /X

HC CH, HC CH
II 11 II

HC CII.3 HC CH
\/

CH CH
1

H3C—CH- CH3
1

H3C-CII—

'

TERPENES FROM CITRUS SPECIES,

These hydrocarbons occur chiefly in the peels of the fruit of tliese
trees, and are distinguished by their fragrant odour.
Lemon-oil from the fniit of Citrus Limonum consists principally of

ntrene boiling at 170°, and turning the plane of polarization
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to the right. Its chemical properties are very similar to those of

turpentine oil
;
it yields a solid hydrate, and crystalline hydrochlorides.

AVith bromine and aniline it forms cymene. Similar terpenes exist

in the oils of orange-peel, hergamot, &c.

TERPENES FROM OTHER SOURCES.

These hydrocarbons are found in a great number of volatile oils,

some of them consisting only of terpens, such as oils of lavender, juniper,

copaiba, cubebs, pepper, elemi, and the camphor-trees. Others are

mixtures of terpenes with acids, as oil of valerian
;
or with aldehydes,

as oil of chamomile, which contains angelicaldehyde. A great

number of essential oils also contain, besides, terpenes, camphors,

cymene, or other aromatic compounds.

CAOUTCHOUC AND GUTTA-PERCHA.

Caoutchouc or India-rubher is the dried milky juice of several

tropical trees {Ficus elastica, Jatroplm elastica, Fiphonia Cahuchu, &c.).

The fresh juice has an acid reaction; on mixing it with water,

caoutchouc separates gradually out as a white curdy precipitate,

which dries up to a gum-like mass. The black colour of the com-
mercial article is due to the effect of smoke

;
it may be purified by

dissolving it in chloroform, and precipitating the clear solution with

spirits of wine. It consists chiefly of a mixture of hydrocarbons,

polymeric with the terpenes. It is insoluble in water and alcohol

;

with ether or petroleum it forms a gelatinous mass, and partially

dissolves. It is completely soluble in oil of turpentine, benzene,

chloroform, and carbon disulphide. When cold it is hard and tough
;

on heating it becomes soft and elastic
;
and at a temperature above

the boiling-point of water it melts, but on cooling does not return to

the original state, but remains soft and viscid.

It is much used for the manufacture of waterproof and elastic

fabrics, for elastic tubing, &c., and is a most valuable substance for

the chemists, as it is only affected by a very few chemical agents.

Caoutchouc combines in different proportions with sulphur. The
so-called vidcanized India-rubber, whicli is much more elastic than
common caoutchouc, is obtained by mixing the latter intimately

with sulphur by means of carbon disulphide
;

it contains about 2

to 3 per cent, of sulphur. By mixing it with about half its weight

of sulphur, it is converted into a hard, horny mass, called “ Ebonite
”

or “Amlcanite,” which is much used for making combs, disks for

electric machines, «fec.

By destructive distillation, caoutchouc yields an oily liquid, con-
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taining Isopropcne CgHg, boiling at 37°, and caoutchene boiling

at 171°.

Gutta-percha is the hardened milky juice of Isonandra Gutta, a

tree growing in different parts of India. It is harder and less elastic

than caoutchouc, hut in warm water it becomes quite soft, and can
then be formed into any shape. It has the same composition as

caoutchouc, and dissolves in the same solvents as the latter. By
destructive distillation, it yields isopropene, caoutchene, and a heavy
oil called heveene, which appears to he polymeric with these other

hydrocarbons.

CAMPHORS.

Common Camphor, or Japan Cam'phor C^oH^gO, is obtained in China,

and Japan by distilling the branches and leaves of Laurus Camphora
with water. It is a colourless, crystalline, translucent mass, having
a powerful, peculiar odour and taste. By sublimation it may he
obtained in brilliant crystals. It melts at 175°, and boils at 204°.

Camphor is only sparingly soluble in water, hut freely soluble in

alcohol and acetic acid. Small pieces thrown on water move about
with a revolving motion.

When camphor is heated with concentrated hydriodic acid, several

hydrocarbons are formed, as campholene C^H^^g, a liquid boiling at

135°, and the compounds C^gHjg, boiling at 155°, and C^gllgg. By the

action of phosphorus pentasulphide on camphor, cymene C^gll^^

(page 300) is formed ;

—

5C,gH,gO f = 5C,gH,, + P,Og 4- SSH^

On heating a solution of camphor in toluene with sodium, two
compounds, called sodium-camphor C^gHjgNaO and sodium cam2)hylate

C^gH^yNaO, are produced :

—

2CygHygO + Na^ = CygHygXaO + C,gH,yNaO

By the action of methyl iodide on this mixture, the sodium is

CH )
replaced by methyl, and methyl-camphor p tt ^ f

camphyl-

CII }
methyl ether p t

t

^ r 0 are produced. Ethyl iodide acts in an

analogous way
;
ethyl-camphor is a liquid boiling at 230°.

When the mixture of the two sodium-compounds is heated in a
current of dry carbon dioxide to 100°, the sodium salts of campho-
carhonic acid CygHjgO.COgH and of horneol-carbonic acid CjgHg-O.COj
are formed. On dissolving these salts in water, lactic acid is de-

composed, and horncol or camphyl alcohol CygH^gO separates out :

—

C,„H
10

I
COg -t- 11,0 = CygHygO

H)
CO,
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Hydrochloric acid precipitates from the filtrate camphocarhonic
acid, which separates from hot alcohol in colourless ciystals, melting
ai 119°, and splitting up at a higher temperature into carbon dioxide
and camphor.

Monochlorocamplwr Cj^II^gClO is a colourless, crystalline mass,
which has been obtained by the action of hypochlorous acid upon
camphor.

Monohromocamphor C^QH^^BrO.—By adding bromine to a solution

of camphor in chloroform, dibromide CjoHjgOBr, is obtained
in colourless crystals

;
it is a very unstable compound, and readily

resolves into hydrobromic acid and monobroinocamphor, which crys-

tallizes in colourless prisms.

Camphor Nitrate (C^oHj(.0 ) 2
N205 .—This remarkable compound is

produced together with camphoric acid, when camphor is boiled for

some time with nitric acid. It is a thick oily liquid, having a

camphor-like and sour smell
;

water decomposes it into nitric acid

and camphor.

Common camphor turns the plane of polarization to the right
;
a

compound having the greatest resemblance to it, but exerting a left-

handed rotatory action, is contained in the volatile oil of Pyrethrum
Parthenium, from which it is deposited at a low temperature as a

crystalline mass.

Other isomerides of camphor occur in the volatile oils of artemisia,

absinthium, mentha, pulegiiim, and other labiate plants, and also in

the blue oils of chamomile and galbanum.

Borneol, Borneo Camphor, or Camphyl Alcohol is found in

the old trunks of Dryobalanops Camphora, a tree growing in Borneo,

Java, and Sumatra, and has been obtained by the action of sodium on
common camphor (page 303), and, together with campholic acid, by
heating camphor with an alcoholic potash solution.

Borneol forms small transparent crystals, smelling like common
camphor and pepper. It melts at 198°, and boils at 212°. Nitric

acid converts it into common camphor.

Tiorneol is a monad alcoliol
;
on heating it with hydrochloric acid,

eamj)hyl chlo7'ide is formed, a body resembling solid terpene

monohydrocldoride.

Camphyl-mcthyl Ether q”3ln_
Ciol'i- J

0.—The formation of this com-

pound from common canndior has already been described
;

it is a

liquid smelling like camplior, and boiling at 194°‘5.

CHI
Camphyl Acetate

q j

^ obtained by the action of acetic

anhydride upon sodium camphylate
;

it is a colourless liquid, boiling

at 230°, and possessing a camphor-like odour.

AVhen borneol is heated with phosphorus pentoxide, it is resolved

in water, and Borncene a liquid occurring also in the volatile

od of Laiirus Camphora and oil of valerian. By leaving it in contact

with potash solution, it is converted again into borneol.
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Levo-borneol is found in the fusel oil of spirits from madder-root

;

it possesses all the properties of borneol, witli the exception that it

has a levo-rotatory power, whilst borneol turns the plane of polariza-

tion to the right,

Geraniol, or Geranyl Alcohol C^QlI^gO, is found in Indian (jeranium

oil. It is a strongly refractive liquid, boiling at 232°, and possessing

a very agreeable smell, like roses. It is optically inactive, and yields

on oxidation valerianic acid.

Geranyl Chloride CioHi^Cl is obtained by heating geraniol with

hydrochloric acid. It is a yellowish liquid, with an aromatic smell.

By acting on it with the potassium salts of valerianic, benzoic or

cinnamic acids, the geranyl-ethers of these acids have been produced.

They are oily liquids, possessing an aromatic odour.

smelling like peppermint, is formed by heating geraniol with geranyl

chloride.

chloride on an alcoholic solution of potassium sulphide
;

it is a

yellow liquid, possessing a very disagreeable smell.

When geraniol is heated with zinc chloride or with phosphorus
pentoxide, it is resolved into water and Geraniene C^gllj^g, a limpid,

mobile liquid, boiling at 163°, and smelling like carrots.

Other isomerides of borneol exist in the oil of cajeput, and of

coriander.

Menthol, or Menthyl Alcohol C^oligo occurs in the oil of pepper-

mint. It forms colourless prismatic crystals, smelling strongly like

the plant. It melts at 36°, and boils at 210°.

Menthyl Chloride C^qH^qCI is a liquid formed by heating menthol
with hydrochloric acid.

When menthol is heated with phosphorus pentoxide, Mcnthene

CioHig is produced, a liquid boiling at 163°.

Eucalyptol contained in the leaves of Eucalyptus globulus,

a tree growing in Tasmania. It is a colourless liquid, boiling at 175°,

and possessing an aromatic smell. By distilling it with phosphorus
pentoxide, it is decomposed into water, and Eucalyptene CigHig, a

liquid boiling at 165°.

Fatchouli Oil.—This substance is a mixture of two isomeric sub-

stances having the composition Cj^gUggO. One of them, called

patchouli-camphor, crystallizes from the oil on standing in hexagonal
prisms, melting at 55°, and boiling at 296°. On distilling it, or the

liquid portion of the oil, with zinc chloride, Fatchoidcne a

liquid boiling at 250°, is formed.

boiling at about 190°, and

obtained by acting with geranyl

C X
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OXIDATION-PRODUCTS OF CAMPHORS.

Campholic Acid C^oHjgO.2.—This monobasic acid is formed by
heating camphor with potash-lime to 400°, and, together with
borneol, when potassium is added to a solution of petroleum, at 1 30°.

It is but sparingly soluble in water
;
from alcohol it crystallizes in

prisms melting at 05°, and volatilizing without decomposition. When
campholic acid is lieated with phosphorus pentoxide, or when a

campholate is subjected to dry distillation, camjjJioIenc Cgll^g is

produced, a liquid boiling at 130°.

Dextrocamphoric Acid CjgHj^
| CO OH

produced by the action of

boiling nitric acid on camphor or campholic acid. It is sparingly

soluble in cold water, more freely in boiling water, and forms scaly

crystals, having a faint acid taste, and melting at 175°. On distilla-

tion, it splits up into water, camphoric anhydride C^gH^^
| |

0
,

which sublimes in long, brilliant needles, melting at 217°. When
camphoric acid is fused with potash, it yields volatile fatty acids and
pinidic acid C

7HJ2
O

4
(seo page 236).

Calcium Camphorate CgH^^(C02 ).2
Ca + SllgO is readily soluble in

water, and forms large crystals. When it is heated it is resolved into

calcium carbonate and phorone Cgll^^O, a liquid boiling at 208°, and
yielding, by treatment with chromic acid-solution, carbon dioxide,

acetic acid, and adipic acid CgllioO^ (see page 235).

Levocamphoric acid has been obtained from the camphor of

Pyrethrum Parthenium ; it differs from common camphoric acid by
having a left-handed polarization

;
both active acids combine, forming

an inactive acid, corresponding to racemic acid.

Camphoronic Acid
| qq Qjp

is an oxidation-product of

camphoric acid, and may be isolated from the mother liquors obtained
in the preparation of the latter compound. It is readily soluble in

water, crystallizing, with one molecule of water, in small needles or

shining prisms, possessing a rancid and strongly sour taste. The
anhydrous acid melts at 115°, and distils at a higher temperature
without decomposition. Although a bibasic acid, it forms also salts

containing three equivalents of a metal, resembling in that respect

deoxalic acid (page 240).

f CO.OH
heatingOOxycamphoronic Acid Cyll^oO.^ QgOjj is obtained by

crystallized camphoronic acid with bromine in sealed tubes to
130°

T H-
2
^ T Biq = T 21IBr

It is freely soluble in water, and crystallizes on slowly evaporating

the solution in splendid monoclinic prisms, containing one molecule
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of water. The anhydrous acid melts at 210°, and may be distilled

without decomposition.

On fusing camphoronic or oxycamphoronic acid with caustic

potash, butyric acid and carbon dioxide are produced.

Camphor and its derivatives are nearly allied to the aromatic

compounds
;

for, by simply abstracting the elements of water from

camphor, we obtain cyrncne or methyl-isopropyl henzcne (page 301).

The constitution of camphor and some of its derivatives can be ex-

plained by assuming the following formuhe :

—

Camphor.

I

CH
/\

lie CH
II l>o

HO CH
\/
CH

I

CH3

Cumpholic Acid.

C3H,

I

CH
/\

H.,C C.OH
I

l>o
H^C CH

\/
CH

I

CH3

Bonieol.

C3H,

I

CH
/\

II C CH.OH
11

I

HC CH,
\/

“

CH
I

CH3

Camphoric Acid.

C^H^.CO,!!

I

CH
/\

H^C CH,

H^C CH,

CH
I

CO.3H

EESINS.

The terpenes, when exposed to the air, undergo gradually oxidation,

become more and more viscid, and exhibit an acid reaction
;
and

at last are converted into a brittle, amorphous substance. Such
products are found in nature, either mixed with non-oxidized hydro-

carbons, being called balsams, Avhilst the solid and brittle products

of oxidation of the terpenes are called resins.

The resins are mixtures of weak acids
;
they dissolve in alkalis,

forming a kind of soap.

Common Resin, or Colophony, is left behind bv distilliim turpentine
' X 2
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with water. By exhausting it witli cold alcohol, sylvic acid

goes in solution, wliich on evaporation crystallizes in Hat needles,

inelting at 129°, and solidifying to an amorphous mass. It is

a monobasic acid, forming soluble and crystallized salts with the

alkali-metals, wlulst those of the other metals are insoluble. Besides

sylvic acid, colophony contains the isomeric but amor23hous irinic

acid.

A third isomeride, called pimaric acid, exists in gali^^ot, the resin

of rinus maritima. It forms crystals melting at 149°, and is con-

verted into sylvic acid by distilling it in vacuo.

Co27aihic Acid C20H30O2 occurs together with a diter2)ene C2f,H32

and sylvic acid in co^jaiba balsam
;

it crystallizes from alcohol in

transjiarent jDrisms.

G^Laiaretic Acid is a chief constituent of guaiacum, and
crystallizes in colourless brittle needles, melting at 77°. Besides this

coni2)ound, guaiacum contains other resinous substances, and yuaiacic

acid CgHgO.;, which is soluble in water, and sublimes on heating.

When a solution of guaiacum in 2>resence of an alkali is acted upon
by ozone, nitrous fumes, chromic acid, ferric chloride, chlorine, and
other oxidizing agents, it assumes a fine blue colour.

When guaiacum is subjected to dry distillation, it yields guaiaceuc

CgHgO, a liquid smelling like bitter almonds, and yuaiacol and crcosol,

compounds belonging to the aromatic grou^).

Amber.—This fossil resin occurs on the shores of the Baltic, either

in the sea or in the sand, and has also been found together witli

lignite or brown-coal. It is an amorphous, brittle mass, having

a yellowish or brown colour
;
on heating, it melts at about 280°,

giving off an aromatic va2)our. It contains free succinic acid, a resin

soluble in alcohol, and amber-bitumen, a substance insoluble in all

solvents.

Besides these resins, there exist a great many more, most of which
are used for making varnishes and for other jjurposes

;
but they have

been very little examined. Many of them contain aromatic conqiounds,

or yield such on fusion with caustic j)otash. These will be mentioned
again when these bodies are described.O

ABOiNlATlC COMBOUABtS.

This large groiq") has obtained its name from the fact that many of

its members occur in essential oils, balsams, gum-resins, and similar

bodies, possessing an aromatic odour.

All aromatic compounds contain at least six atoms of carbon
;
they

contain a common nucleus, in which the six carbon atoms are linked

together in such a way that six combining units remain unsaturated.
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Tlie carbon atoms forming the aromatic nnclens are imited together

by one and two combining units alternately, thus :

—

The most simple aromatic hydrocarbon is benzene CgTIg, and all

other compounds belonging to the group are derived from it by
replacing hydrogen by other elements or radicals.

When one atom of hydrogen is replaced by chlorine, we obtain

chlorobenzene C^jH^Cl (formerly called chloride a body differ-

ing from the clilorides of the alcohol radical by being a much more
stable compound, and not undergoing double decomposition w'itli

silver salts, hot alcoholic potash, or ammonia. Other aromatic com-
pounds containing chlorine, or other halogen-elements combined with

the aromatic nucleus, show a similar behaviour; the chlorine, &c.,

being much more firmly combined with the carbon than in the

haloid compounds of other radicals.

The action of concentrated nitric acid on aromatic compounds is

very characteristic
;
they are converted into nitro-conifounds, such as

nitrobenzene CyH^.N02, nitrochlorobcnzcne CgH4Cl.N02, &c. Eeducing
agents convert these nitro-compounds into aniido-conipounds

;

thus
nitrobenzene yields with nascent hydrogen, cimidobenzcne or aniline

CgHg.NlIg
;
the constitution of these nitro-compounds is, therefore,

similar to that of nitro-ethane CgHg.NOg (see page 113).

The aromatic amido-compounds combine with acids like the amines,

and are acted upon by the iodides of the alcohol radicals like the

latter, forming compounds such as :

—

The latter compound combines with ethyl iodide, forming^?/!C?iy/-

iriethylammoninm iodide ^'[0^115(02115)3], a crystallized salt, wdiich.

0 . .0

Nitro-etliaiie. Nitrobenzene.

0

Etliylamine. Aniline.

O2II3.NH2 C0H5.NH2

Dietbyl-amidobcnzene.

Phenyl is tlie name given to the monad group C'cIIg.
]
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when acted upon by silver oxide and water, yields the corresponding

strongly alkaline and caustic hydroxide.

Whilst in these reactions the ainido- compounds show the greatest

resemblance to the compound ammonias, they differ from the latter

in several respects; thus they have no alkaline reaction, and no

ammoniacal smell.

Concentrated sulphuric acid acts on aromatic bodies in a similar

way to nitric acid
;
one atom of hydrogen combined with the aromatic

nucleus being replaced by the monad group SOg.OH, a sul2)ho-acvl is

formed; benzene yielding henzenesulphonic acid Cglfg.SO^.Olf.

When this acid is fused with potash, the group SOgll is replaced

by hydroxyl, and 'phenol is formed :
—

C^.H,.S03K + KOII = SO3K2 + C,II,.Oil

The phenols were formerly regarded as alcohols, but they differ

from the latter compounds in many respects. By oxidizing agents

they are not very readily attacked, and yield neither aldehydes nor

ketones or acids. They have the character of weak acids
;
the hydro-

geji of the hydroxyl being much more readily replaced by a metal than
this is the case in the true alcohols.

Thus ethyl alcohol is not acted upon by potasli, which with phenol
readily forms water, oi\di potassium p)hcnatc C,H,.OK.

Another characteristic difference between alcoliols and plienols is

found in the action of concentrated acids. Hydrochloric acid and
alcohol yield ethyl chloride, but plienol is not acted upon by tliis acid

at all. Whilst alcohol is converted by strong nitric acid into ethyl

nitrate, and by sulphuric acid into ethyl sulphuric acid, the phenols

yield substitution-products, such as niirophenol CglI^(N02)0H, and

phenolsulplionic acid CgH^
| OH^‘

c,n,.oii + so,
I

+ H,o

The phenols are easily reduced again to the corresponding hydro-

carbons by passing their vapour over red-hot zinc-dust ;

—

CJI,.OH Zn = + ZnO

When amines or amides are acted upon by nitrous acid, the group
NH2 is replaced by Oil

;
by the same reaction, aromatic amido-

conipounds may be converted into phenols
;
the reaction, however,

takes place in two stages. Thus, by treating aniline nitrate with

nitrous acid, Diazohcnzcnc nitrate is formed :

—

C,H,.NH2.I1X03 -f HXO2 = C,H,X2.X02 4- 2H,0
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These diazo-compounds are very unstable bodies, and the different

transformations which they undergo are of great interest, as by
means of them a very great number of derivatives can be obtained.

Thus, on boiling a diazo-compound with water, a phenol is formed :

—

C,H5N.,.N03 + H/d = C.lIs.OlI + N2 d HNO3

By using absolute alcohol instead of water, tlie group N.2 is replaced

by hydrogen, the alcohol being oxidized to aldehyde
;

thus, on
treating the acid sulphate of diazobenzene in this way, we obtain

benzene ;

—

CeH,N2.SO,H + C^HgO = + SO.H^ + C^H^O

By acting on a diazo-compound with strong acids, the latter take

part in the reaction
;
by treating diazobenzene nitrate with nitric

acid, dilferent nitrophenols are formed, whilst hydriodic acid converts

it into iodobenzene :

—

Cjr5.N2.NO3 -p HI = C.H^I + N2 -P HNO3

Tlie diazo-compounds contain the dyad group N2, the twm nitrogen-

atoms being linked together by two combining units of each
;
diazo-

benzene is therefore a monad radical, having the following con-

stitution ;

—

_N==N-CeH5

By the action of oxidizing agents on amido-compounds, or by that

of weak reducing agents upon nitro-compounds, a class of bodies is

obtained called azo-compounds, in which two aromatic nuclei are

linked together by nitrogen :

—

Amidobenzene.

CoH,.NH2
+ O2

CCH5.NH2

The aromatic compounds, containing more than six atoms of carbon,

are formed by replacing hydrogen in benzene or its substitution-

products by organic radicals. Thus the most simple homologue of

benzene is Mdliyl-hcnzene or Toluene Cgllj.CHg, a hydrocarbon which

in its chemical properties exhibits a close analogy to benzene, yield-

ing readily substitution-products with chlorine, nitric acid, sulphuric

acid, &c. These compounds have the greatest analogy wdth the

benzene derivatives when the substitutions have taken place in the

aromatic nucleus. But the hydrogen of the methyl can also be

replaced by other elements and radicals
;
and thus compounds are

formed, which have the closest resemblance in their chemical properties

with the derivatives of marsh-gas. By replacing one atom of hydrogen

in the methyl of toluene, a series of compounds is obtained containing

the alcohol-radical Benzyl :

—

Azobenzene.

CgHg.N

CgHg.N
2H2O
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TOLUENE, METHYL- BENZENE OR ifllENY^L-METIIANE,

C
0
H

5
.CH

3 .

!Moiioclilorotolucne,

c n ^
«

^ [ CH3

Cresol or Metliyl-plienoL

c ir
( CH

3

Nitrotoluene.

an, ^
i
CH

3

Benzyl Chloride.

c,n,.cii2Ci

Benzyl Alcohol.

C„1I,.CH2.011

Benzyl Nitrite.

C3lI,.CH.2.N02

Amidotolnene.

» NH,
ICH3

Cresolsulphonio Acid.

r OH
OA- SO

3
H

I CH3

Benzylainine.

cyi,.CH2.KH2

Benzylsulpliuric Acid.

. C,14CH2.S0,TI

Benzaldehyde.

C,H,.COH

Benzoic Acid.

C(.H5.C0.0H

The number of aromatic compounds is very large, and amongst
tliem a great number of isonierides occur. Thus we iiave tlie

following isomeric hydrocarbons ;

—

Diinethyl-henzene.

0„H. i C'l3

I CH3

C IT

[Ethyl-benzene.

C II C II

Trimethyl-benzcne.

rcH3
C,Il

3
- CII

3

(C 1 I
3

Methyl-cthyl-benzene.

C II ^

Proi^yl-benzene.

CCH5
.C

3
H,

But these formulae do not exhaust the number of isonierides, as
isomerism in the aromatic group can also be caused by tlie different

relative positions of elements or radicals combined with the nucleus.

Thus we find tliat diinethyl-henzene exists in three different forms,

the cause of it being tlie different positions of the two methyls.

If we represent the aromatic nucleus as an hexagon, ami number
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the corners where the carbon-atoms are supposed to be, we see at

once that three isomeric dimethyl-benzenes may exist :
—

1

c/'\

\/
4

2

3

The methyl groups having the following positions :

—

1 : 2

1 : 3

1 : 4

No Inrther different positions of the tAvo methyls are possible, for

1 : 5 = 1 : 3 and 1 : 6 = 1 : 2.

The hydrocarbon 0^14^2) which we have represented in three

isomeric forms, can exist in eight different modifications. There are,

first of all, three trimethyl-bcnzenes :

—

1:2:3
1:2:4
1:2:5

Further, there can exist three methyl-ethyl-benzenes and two
propyl-benzenes, one containing normal propyl, and the other

isopropyl.

As the isomeric aromatic hydrocarbons have generally a great

resemblance in their physical properties, it is of the greatest import-

ance to have means for distinouishing them from each other. Thiso o
can easily be done by studying their products of oxidations.

By heating an aromatic hydrocarbon with very dilute nitric acid,

one of the alcohol radicals is first oxidized to carboxyl
;
methyl-

benzene, ethyl-benzene, amyl-benzene, &c., yielding hcnzoic acid.

The formation of this acid, therefore, proves the existence of only one
alcohol radical in an aromatic hydrocarbon.

The three methyl-benzenes as well as ethyl-methyl-benzene yield

C CH
isomeric mdhyl-hcnzoic acids CgH^

| O.bli
,and diethyl-benzene yields

r Q jp
as first product of oxidation, ethyl-henzoic acid q'q qjj-

Besides

these monobasic acids, there is, at the same time, a bibasic acid

C,II,
CO.OH
CO.OH formed, which is obtained in larger quantity by using

stronger oxidizing agents, such as a solution of potassium dichromate

in dilute sulphuric acid. This bibasic acid exists of course, also, in

three isomeric modifications, differing IVoin each other by their physical

properties, as well as those of their salts. In the same way, a hydro-

carbon containing three alcohol-radicals will yield by succe.ssive
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oxidation a monobasic, a bibasic, and a tribasic acid, one alcohol-
radical after the other being oxidized to carbox}d.

Ihit we are not only able thus to fix the number of the alcohol-

radicals, but in many cases we are in a position to determine tlie

relativ'’e positions of these radicals, as well as that of other grou])S

replacing hydrogen in benzene, as the following examples will

show ;

—

^
{
on llydroquinone.

1, 3.

l*yrocatechin.

1,4.

liesorcin.

Cgll^
1 Qpj

Ortho-iodophenol. Meta-iodophenol. Para-oidophenol.

C 11 1
^‘^^^HCO.OH

Salicylic Acid. Oxybenzoic Acid.
Paraoxybenzoic

Acid.

( CII
3

Orthoxylene. Tsoxylene. Methyl-toluene.

.. 1 CO.OII
CO.OH Phthalic Acid. Isophthalic Acid.

Terephthalic

Acid.

In phthalic acid, the two carboxyls occupy the positions 1, 2. Tliis

we know from the fact that this acid is obtained by the oxidation

of naphthalene a hydrocarbon of known constitution, and in

which, as will be shown further on, two carbon-atoms are linked to

two adjoining atoms of the aromatic nucleus.

Isophthalic acid, belonging to the series 1, 3, is obtained by
oxidizing isoxylene

;
this hydrocarbon has been prepared from mesi-

tylene or triniethyl-benzene, in which the three methyls have the

symmetrical positions 1, 3, 5. This follows from the formation

of mesitylene, which is obtained by heating acetone with sulphuric

acid (page 153), three molecules losing three molecules of water, and
the residues joining together thus :

—

CII3

/
CO CH

3

/ \
CIT3

CO

CII
3
—CO—CH3

CII
3

= 311/) -
1
-

CII
3

/
C=CIl

/ \
HC C
X ^

CII3—C—ClI CH3

On oxidizing mesitylene, we obtain monobasic mesitylenic acid

r CO.OH
0.113 CII3 which, when heated with rpiicklime, is resolved into

(CII3
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carbon dioxide and isoxylene. From this it follows that in isoxylene,

as well as in isoplithalic acid, the two radicals have the positions 1, 3

(= 1, 5 or 3, 5).

Isophthalic acid is also produced by lieating a mixture of the

potassium salts of formic acid and sulphobeiizoic acid ;

—

( SO.dv

I CO.,K +
C(\KII = f GO.JC

I CO.3K + SO3KII

Now, as on fusing sulphobeiizoic acid with potash we obtain

oxybenzoic acid, it is obvious that the latter is also a member of the

second series.

We know now the constitution of phthalic acid and isophthalic

acid, and therefore also that of terephthalic acid, in which the car-

boxyls occupy the positions 1,4; and as methyl-toluene yields on
oxidation terephthalic acid, the methyl-groups in this hydrocarbon
have the same position.

Methyl-toluene is obtained from parabrometoluene, which on
oxidation yields parabromobenzoic acid; and on fusing the latter

compound with caustic potash, it is converted into para-oxybenzoic
acid.

When the potassium salt of benzenedisulphonic acid is heated
with potassium cyanide, the nitrile of terephthalic acid is produced

;

and by fusing benzenedisulphonic acid with caustic potash, resorcin

is formed
;
the latter compound is also obtained by the action of

caustic potash on para-iodophenol.

Thus the constitution of all the members of the fourth series is

perfectly made out, and consequently, also, that of orthoxylene and of

salicylic acid
;
moreover, the latter acid readily splits up into water

( CO
and salicylic anhydride CgH^

|
> whilst its isomerides are much

more stable; and from this it also appears very probable that the two
side-chains of salicylic acid are as near together as possible.

Hydroqmnone differs from its isomerides by readily losing two
atoms of hydrogen, when treated with oxidizing agents, and yielding

quinone CgH^Og, which by nascent hydrogen is very easily recon-

verted into hydroquinone.

The constitution of quinone may be expressed by one of the
following; formuhe :

—

O

CO=CH—Oil—CH—CH—CO
II

C

HC C=()
1

lie
1

c=o

lie

lie

IIC C—

0

I II I

IIc c—0

lie
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The first formula is very improbable, for we cannot assume that

the closed chain of carbon-atoms would be so readily broken by
oxidatfon and closed again by reduction, Tlie second formula has

also to be rejected, because a compound having this constitution

would, with nascent hydrogen, yield CgH(.(OH).„ just as acetone gives

secondary propyl alcohol. Moreover, when tetrachloroquinone

O^jCl^Og is treated with phosphorus pentachloride, it is not converted
into C(jClg, which compound would have been found if quinone con-

tained the oxygen combined, as sliown in the second formula
;
but tlie

product consists of hexachlorobenzene CgClg. Quinone must there-

fore contain the dyad group Now, as the two isomerides of

liydroquinone do not yield by oxidation a quinone, the oxygen-
atoms must occupy such a position that they can easily e.ombine

with each other
;
and this will most readily take place if they are

close together as possible, or occupy the i)Ositions 1, 2. Hydroqui-
none is obtained by fusing ortho-iodophenol with caustic potash, and
consequently this body belongs to the first group, and meta-iodophenol
and pyrocatechin to the series 1, 3.

Although the aromatic hydrocarbons and their substitution-pro-

ducts behave in most of their reactions like saturated compounds,
yet under certain conditions they can be made to combine directly

with other elements, like the olefines and other non-saturated

compounds.
These additive products still contain a closed chain of six carbon-

atoms
;
the connection between them become only loosened. From

this it follows that no more than six monad groups can be added to

an aromatic compound,^ and experience has proved the truth of this

conclusion. Thus benzene can combine with one, two, or three

molecules of chlorine, or three molecules of hypochlorous acid,

forming the following compounds :

—

Benzene Dichloride . .

Benzene Tetrachloride . .

Benzene Hexachloride

Benzene Trichlorhydrate .

cjqci.3

C,1QCQ
C,IQC1,
0,lQCl3(0H)3

These compounds are much less stable than the products of substi-

tution, and are again readily converted into compounds in which the

carbon-atoms are linked together in the same manner as in benzene
itself.

Thus, on treating the hexachloride with an alcoholic potash-solution

it is resolved into three molecules of hydrochloric acid and one of tri-

chloro-benzene. In these reactions benzene behaves exactly like ethene,

which combines with chlorine to ethene dichloride—a body in which
the two carbon-atoms are linked together by one combining unit of

^ Excqiting, of course, those aromatic compoumls which contain non-saturated radicals

as side-chains.
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each. By the action of alcoholic potash, hydrochloric acid is taken

out, and chlorethene C^tlaCl is formed, in which the carbon-atoms

are again linked together, as in ethene.

Hydrogen can also combine with aromatic hydrocarbons, but only

with those containing alcohol-radicals. The number of atoms of

hydrogen combining with tlie hydrocarbon appears to depend, not

only on the number of those radicals, but also on the relative

positions.

To obtain these additive products, the hydrocarbon is heated in

sealed tubes with phosphonium iodide (a compound of hydriodic acid

with hydrogen phosphide). The hydriodic acid is tlie reducing agent,

being decomposed into hydrogen and iodine, which latter is imme-
diately acted upon by the hydrogen phosphide, and again converted

into hydriodic acid
;

this change going on nntil at last only pho,s-

phorus iodide and red phosphorus are left behind.

By subjecting benzene to this reaction, it is not changed even at

350°. Methyl-benzene combines with two atoms of hydrogen,

and forms the hydrocarbon Cyll
7
.CH

3
. Dimethyl-benzene takes up

combines with six atoms of hydrogen, forming the compound

There exist also aromatic acids which will combine with hydrogen
in the nascent state.

Benzene, or Benzol, is a colourless, strongly refractive, and mobile
liquid, boiling at 81°, and solidifying at 0°, to colourless crystals. It

has a density of 0'899 at 0°, and of 0‘878 at 20°, and a peculiar

aromatic odour. It is very inflammable, burning with a very lumi-
nous and very smoky flame. It is almost insoluble in water, but
dissolves freely in alcohol and ether. It dissolves iodine, sulphur,

phosphorms, fats, resins, and many other compounds, which are

insoluble or only sparingly soluble in water and alcohol
;
and hence

it is used for preparing or purifying many compounds.
Benzene has been produced artificially from its elements. When

acetylene, which, as we have seen (page 274), may be formed by the

direct combination of carbon with hvdrogen, is heated in a lonu,

narrow, bent bell-jar to a temperature at which the glass begins to

COMPOUNDS WITH SIX ATOMS OF CAPBON.

BENZENE Cgll^.
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soften, it is converted into polymeric modifications, tlie princij^al of

which is Tri-acetylene> or Benzene :

—

HC CTI

C ClI

HC=CII

irc—CH
/ X

HC CII
\ /'

IIC=CH

Benzene is also formed in the dry distillation of many organic

substances, and is contained in considerable cpiantity in coal-naphtha
(the more volatile portion of coal-tar), from which it is now
almost always prepared. Tlie oil, after treatment with sulphuric acid

and caustic soda, is submitted to fractional distillation, and the

portion distilling after a few distillations between 80° to 85° collected

apart. This distillate consists principally of benzene, but contains

yet small quantities of paraffins, olefines, and acetylene-hydrocarbons.

On cooling it down to 12°, the benzene solidifies, and is purified from
the adhering liquid by strong pressure. By repeating this process,

an almost pure benzene is prepared. It is now manufactured in large

quantity for the preparation of aniline, but the commercial product
always contains other hydrocarbons in a smaller or larger quantity.

A very pure benzene may be prepared by the distillation of a

mixture of one part of benzoic acid with three parts of slaked

lime :

—

CgHg.CO.
3
H + CaO = CgHg -f CaCOg

a reaction corresponding to the preparation of marsh-gas from acetic

acid.

All other aromatic acids which are derived, like benzoic acid, from
benzene, by hydrogen being replaced by carboxyl, are decomposed in

a similar way by heating them with lime :

—

CgHg + 2CO.,

CgHg -f 6CO3

When benzene is heated with ,potassium in sealed tubes to 250°,

the two bodies combine, and form T^otassium-henzene, a bluish black

and very explosive body.

Phtlialic Acid.

r TT ^ CO.,H

1 cO"H

Mcllitic Acid.

^CO.,H
co.;h
CO

3
II

CO.,H

1

CO.;!!

(COJl
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SUBSTITUTION-PRODUCTS OF BENZENE.

Monochlorobenzcne CgH.Cl.—To obtain chlorine siibstitution-pro-

dncts, chlorine is passed into benzene in presence of a little iodine, the

first product being monochlorobenzeue, a colourless liquid, smelling

like bitter almonds, and boiling at 138°. The same substance is pro-

duced by the action of phosphorus pentachloride upon phenol.

IMonochlorobenzene is not acted upon by heating it with silver salts

or alcoholic solutions of potash, ammonia, and potassium acetate.

AVhen treated with sodium-amalgam, it is reconverted into benzene.

r>y the further action of chlorine upon benzene, the following

bodies have been obtained ;
they are all white crystalline solids :

—

Dichlorobenzene. 53“ 171°

'Trichlorobenzene . CJ-I,Cl3 17 206
Tetrachlorobenzene . C,H,C1, 139 240
I’entachlorobenzene . C.llCl, 74 272
Ilexachlorobenzene • C,C1, 226 326

Ilexchlorobenzene is also formed when the vapour of chloroform

CHClg, or tetrachlorethene CCl^, is passed through red-hot tubes.

Monobromobcnzene CgH.Br is slowly formed by mixiiig bromine
with benzene, and exposing the mixture to the daylight. It is a

liquid resembling chlorobenzene, and boiling at 154°.

Dibromohenzene —When benzene is heated with six times

its weight of bromine, it yields two isomeric bibrornobenzenes, which
may be separated by fractional distillation.

Faradibromobenzenc crystallizes in large colourless prisms, melting

at 89°, and boiling at 219°.

OrtJiodibromobenzene is a liquid boiling at 213°, and solidifying at

a low temperature to crystals, melting at — 1°.

Metadibromobcnzene has been produced by converting aniline into

dibromo-aniline, and acting on -this compound with an alcoholic

solution of nitrous acid. Metadibromobenzene is a colourless liquid,

boiling at 215°, and not solidifying even at — 28°.

AVhen benzene is heated with an excess of bromine, the higher

substitution-products are formed, which are colourless, crystalline

solids.

^^oniodobenzene CcH-I.—Iodine alone does not act upon benzene,

even at a high temperature
;
but in presence of iodic acid, substitu-

tion-products are formed. The iodic acid acts as oxidizing agent,

taking hydrogen away, in which place iodine enters. At the same
time, a considerable quantity of carbon dioxide is formed, a part of the

benzene being destroyed by oxidation. jMoniodobenzene is a colour-

less liquid, which assumes a reddish colour on exposure to the light.

It boils at 185°, and is as stable a compound as chlorobenzene.

The most convenient method to prepare this compound in quantity
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consists ill tlie decomposition of a salt of diazobenzene with liydi-i-

odic acid. Substitution-products of benzene are also produced by
treating silver benzoate Mutli iodine chloride :

—

CoH^-CO^Ag + ICl = cyi,i -f AgCl + CO2

Monofiuobenzcnc Cgll^F, is produced by distilling fluobenzoic acid

^vith fpiicklime. It is a scaly, crystalline mass, melting at 40°, and
boiling at 180°. Its odour resembles that of lienzene,

Niii'obmzenc CgllgNO.^.—Benzene dissolves in concentrated nitric

acid Avith the evolution of heat
;
on the addition of water, nitro-

benzene is precipitated as a heavy oily liquid :

—

CoHg + X0..01I = C.lIgNO, + 11,0

Nitrobenzene has generally a brown colour, but A\’hen rpiite pure it

is a pale yellow, strongly refractive licpiid, boiling at 220°. It lias a

burning sweet taste, and a smell resembling that of oil of bitter

almonds, and of cinnamon.

Binitrohcnzene CgH^(N02)2 is formed liy boiling nitrobenzene with

strong nitric acid, or by acting upon benzene with a mixture of con-

centrated sulphuric and nitric acids. It crystallizes from nitric acid

or from alcohol in long, glistening, colourless needles, melting at 80°.

AVhen mono- or dinitrobenzene, or other nitro-compounds are

heated with potash, they are decomposed, yielding potassium cyanide,

and other products which have not been examined.

By the action of strong nitric acid upon the substitution-products

of benzene, already described, nitro-compounds of the latter are

obtained.

Benzenesulphonic Acid CgH5.S0.2.0H.—AVhen benzene is shaken

with concentrated sulphuric acid, it is dissolved :

—

+ SO,
I qJI

= C„Il5.SO.,.01I + H.O

On neutralizing the diluted solution with carbonate of barium or

lead, the excess of sulphuric acid is removed, and the solution con-

tains the benzenesulphonates of these metals. To obtain the free

acid, the salts are decomposed either by sulphuric acid or hydrogen

siili)hide, and the filtered solution is evaporated. Benzenesulphonic

acid forms small colourless deliquescent plates.

Bcnzcncsidphonic Chloride Cyi^.SO.^Cl is obtained by the action of

phosphorus pentachloride upon sodium benzencsulphonate
;

it is an

oily li(piid boiling at 240°, which is decomposed by boiling water.

By the action of ammonia it is converted into Bcnzcncsulphonamide

C.IIr.SOo.NH.,, a colourless crystalline solid.

^
f SO Oil

Benzenedisidphonic Acid is produced by heating

the monosulphonic acid with fuming sulphuric acid. It forms a

crystalline deliquescent mass. I'he barium-salt is very soluble in

water, but the lead-salt less so.
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I
so

2
-—To obtain this

compound, benzene is gradually added to sulphur trioxide. It is a

solid, sparingly soluble in water, aud crystallizing from alcohol in

rhombic plates.

Benzenesulphonic Acid C^jHg.SO.OH.—The sodium-salt of this acid

is produced by the action of sodium amalgam on an etherial solution

of benzenesulphonic chloride. The free acid is sparingly soluble in

cold water, and crystallizes from a boiling solution in large brilliant

prisms. It is readily oxidized even by the oxygen of the air, and
converted into benzenesulphonic acid.

Substitution-products of benzenesulphonic acid are produced by
the action of sulphuric acid on the substituted benzenes.

Phosplicnyl Chloride CgH-.PClg is formed by passing a gaseous

mixture of benzene and phosphorus trichloride repeatedly through a

tube heated nearly to redness. It is a very refractive liquid, boiling

at 222°, possessing a strong pungent smell, and fuming in the air.

r>y the action of reducing agents, nitrobenzene is converted into

amidobenzene :

—

To effect this reduction on the small scale, nitrobenzene is gently

heated with zinc and sulphuric acid, or with tin and hydrochloric

acid
;
a rather violent reaction soon sets in, and the nitrobenzene

dissolves in the acid, a salt of aniline being produced. Aniline is

also formed by heating nitrobenzene with soda-solution, and arsenic

trioxide or grape-sugar, or by the action of an alcoholic solution of

ammonium sulphide upon nitrobenzene :

—

Aniline occurs also in the heavy oils from coal-tar
;
and it was first

obtained by distilling indigo with caustic potash. (Anil is the

Portuguese name for indigo.)

Aniline is now manufactured on the large scale from commercial
benzene, which is first converted into nitrobenzene by acting on it

with a mixture of sulphuric and nitric acids. The nitrobenzene is

mixed with acetic acid, and iron borings or turnings are gradually

added to the liquid until a semi-solid mass is formed, which, after

adding some lime, is submitted to distillation in iron retorts.

Commercial aniline always contains amido-toluenes and other

bases.

Aniline is a colourless, refractive liquid, boiling at fSl°, and solidi-

AMinOBENZENE, OR ANILINE, Cyllg.NIig.

CCH5.NO2 -b 3H2 = CgH5.NH2 -f 2H2O

c Y
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fying at — 8° to a crystalline mass; wlien exposed to the air and light,

it assiimes a brown colour. It has a peculiar, not unpleasant smell,

and is very sparingly soluble in water, hut freely in alcohol, ether

and benzene.

With acids it forms salts, most of which crystallize well.

A^iiline hydrochloricU Cgllg.NlIg.ClH crystallizes in needles, which
can be sublimed; with platinum chloride it forms the double salt

2(Cj5H5.NIl2.CllI) + rtCl4, which crystallizes from water in yellow

needles. The hydrochloride forms also crystallized double-salts with

zinc chloride, stannic chloride, and other metallic chlorides.

The nitrate C(,ll^.Nir.,.N03H crystallizes in large rhombic plates.

The sul'phate 2(Cgll3.Nll2)S04H2 is a white crystalline powder,
tolerably soluble in water, less in alcohol, and insoluble in ether.

With oxidizing agents aniline yields very characteristic reactions.

Thus, when a solution of bleaching-powder is added to an aqueous
solution of aniline, a deep purple colour is produced, which after

some time changes into a dirty red. By bringing aniline in contact

with sulphuric acid and potassium dichromate, the liquid assumes a

pure blue colour, which soon disappears again. A similar colour is

produced by the action of hydrochloric acid and potassium chlorate
;

it also soon disappears, and a dark-green precif)itate is formed.

Aniline combines readily with the iodides and bromides of the

alcohol radicals, and comports itself in this reaction like an amine
and for this reason it was formerly Q,dX\Q.di i^hcnylamin e.

Methylaniline CgHgN
|

.—When aniline is mixed with methyl-

iodide, a violent reaction sets in, and on cooling the liquid solidifies

to a crystalline mass of methylaniline hydriodide. The free base is

a colourless liquid, resembling aniline, and boiling at 192°. It is

also produced, together with diinethylamiue, by heating aniline hydro-
chloride with methyl alcohol under a very great pressure :

—

CgH3.NH2.ClII -F CH3.OH = Cgllg.Nj
j
CIH + H2O

CgllgN
I I

CHI -h CH3.OH = CgIl3N(CH3)2ClH -f- H^O

Ethylanilinc CgllgN
|

at 204°, and diethylanilinc

1 C II
" ^

Cgllg I at 213°. The latter compound combines with ethyl-

iodide
;
and the iodide of the compound ammonium thus formed

yields, on treatment with moist silver oxide, the strongly alkaline

and caustic triethylphenylammonium hydroxide N(CgH5(C2ll5)3)OH,

which, by the action of heat, is resolved into diethylaniline, ethylene,

and water.

Phcnylaniline or diphenylamine CgHg ,'-N is lornied when a

H I
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mixture of aniline and aniline liydrocliloride is heated under pres-

sure. It is a crystalline solid, melting at 45°, boiling at 310°, and

possessing a peculiar smell, like flo^yers. 'With acids it forms salts,

which are decomposed by water. AYith nitric acid it yields an

intensely blue liquid.

Methyl-plienyl-aniline VIST is formed by acting with methyl-

aniline on aniline hydrochloride at 280° for thirty-six hours. It is a

liquid, boiling at 270°, and yielding, when heated with hexachlor-

ethene, a magnificent blue-violet colouring matter.

C,1I,7

DiphenylcirLiline or trvphenylamine Cgll^ yN.—Potassium dissolves

C,Il5 j

readily in aniline, forming the compounds CgHg.NIIK and CqIIj.XK,,

which, when heated with bromobenzene, are converted into phenyl-

aniline and diphenylaniline. It is a solid, crystallizing from petro-

leum-spirit in thick, large plates, melting at 120°, and boiling at a

very high temperature. It has no basic properties, and gives, with
oxidizing agents, blue or green colorations.

ANILIDES.

Just as the ammonium-salts of many acids are resolved by heat
into water and an amide, the salts of aniline yield by the same re-

action anilides.

Formanilicle C„H..lSr f
COH
IH

is produced by heating aniline with

ethyl formate, as well as when aniline oxalate is quickly heated. It

forms colourless crystals, melting at 46°. It is freely soluble in hot
water, and yields, by distillation with hydrochloric acid, benzonitrile

cyi,.cN.

Acetanilide CgH-IST

action of acetyl chloride or acetic anhydride upon aniline, or by tbe

distillation of aniline acetate. It is sparingly soluble in cold water,

and crystallizes from a boiling solution in shining plates, melting at

106°, and boiling at 292°. It dissolves in fuming nitric acid with
the formation of nitro-acetanilide, and, by the action of chlorine or

bromine, it yields substituted acetanilides.

I
pj-

2 -—This body may be obtained by the

C NH C II
Carbanilamide or fhenyl-urea CO

|
® ® has been produced by

passing the vapour of cyanic acid into well-cooled aniline, and by
evaporating a solution of aniline sulphate with potassium cyanate.

It is almost insoluble in hot watei', and crystallizes from a boiling

solution in white needles.

Carbanilide or diphenyl- urea is formed together with ammonia and
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cyanuric acid when plieiiyl-urea is heated, and it is also obtained by
llie action of carbonyl chloride on aniline, and by heating aniline

with urea :

—

2C,11,.NII, + CO
\ mi,

~
\ NaCgH

5 4- 2NH
5

3

It crystallizes in silky wliite needles; is insoluble in water and
volatilizes on heating.

Ethyl carhanilate ov 2ohcnyl-urethane CO | found when
... .1

aniline is acted upon by chlorocarbonic etlier (page 118). It forms
large crystals, and boils at 237°. By heating it with phosphorus
})entoxide, it is resolved into ethyl alcohol and carhanil or phenyl

C 11 )
carhimide

j
bT, a very refractive liquid, boiling at 163°, and

possessing a most pungent smell.

When this body is brought in contact with a little trietliyl-

phosphine, it is converted into the polymeric diphenyl dicarhimide

(phenyl dicyanate)
|

bTg) forming large beautiful crystals,

melting at 175°. At a high temperature it is resolved again into

two molecules of carbanil. It combines with alcohol, forming ethyl

diphcnylallophanate Cgll^.N -f
|

1-0), crystal-
V

'^ 2 '*'6 J

lizing in fine needles, melting at 98°.

( NH C H
Sidphocarbanilide CS <

yjjj c^H^
produced by boiling an alcoholic

• •
^ ^ ^ •

solution of aniline and carbon disulphide as long as hydrogen sulphide

is given off. It forms iridescent plates, which are sparingly soluble

in water, more freely in alcohol, and have a bitter taste.

Phenylsulphocarhimide or Phenyl mustard-oil CA}n.-To pre-

pare this compound, sulphocarbanilide is heated with fuming hydro-
chloric acid. It is a colourless liquid, boiling at 222°, and smelling

like common mustard-oil.

Oxanilide (CgIl5)2.N’2ld2-C202 is obtained, together with formanilide,

when aniline oxalate is heated. It is insoluble in water, and sub-

limes on heating in shining crystals, melting at 245°. By heating
aniline with an excess of oxalic acid, the monobasic oxanilic aeid

CglljN-f Qjj- is formed, which is soluble in water.

T ( N •

Cyananilide CjjlI^N
|

is formed by passing cyanogen chloride

into a solution of aniline in ether. It is an amorplions mass.

Melaniline or diphenyl-guanidine C(NH)(NH.CgIl
5)2 is a weak

base, forming crystalline salts, and is produced by passing cyanogen

chloride into pure aniline. An isomeric compound is formed when
guanidine hydrochloride is gently heated with aniline. The isomerism



THE CABBON COMPOUNDS. 325

of these two compoimds is most probably caused by two phenyl groups

replacing different atoms of hydrogen in guanidine C(NH)(NH2)2-

Carhotrvjjhcnyl-triamine or triphenyl-guanidine C(1S[H)
|

is a mon-acid base, which is formed by the action of tetrachloro-

methane CCl^ on aniline. It is a crystalline solid, insoluble in

water, and forming crystallized salts.

Cyaniline C.2(NH).2(NH.CgH5).—On passing cyanogen gas into an
alcoholic solution of aniline, this compound separates out after some
time. It is a crystalline solid, combining with acids. On heating it

with aqueous acids, it is decomposed with formation of ammonia, and
oxanilide or oxamide :

—

NKCgHg NH.CeHg

C.NH CO
I

2H2O =
I

-f 2NH3
C.NH CO
1 I

NH.CJI3 NILC.H^

Cyanohenzene or Phenyl Carlamine CN.C^Hjj.—This compound is

obtained by the distillation of a mixture of aniline, chloroform, and
caustic potash. It is liquid, boiling, with partial decomposition, at

160 °. Its colour appears blue in reflected light, and green by trans-

mitted light. It has a most penetrating odour, like other carbamines.

By acids it is decomposed with the formation of aniline and formic

acid.

SUBSTITUTED ANILINES,.

Monochloraniline CgH^Cl.NH2 is prepared by acting with strong

nitric acid on chlorobenzene, and treating the nitrochlorobenzene thus

formed with a reducing agent. Monochloraniline is insoluble in cold

water, very sparingly soluble in boiling water, but readily in alcohol.

It crystallizes in shining octahedrons, and is a weak base, forming
crystalline salts.

Dichloraniline C5H3CI2.NH2 and trichloraniline CgH3CLNIl2 are

crystalline solids, having no basic properties. Trichloraniline is also

formed, together with small quantities of the two other chloranilines,

by the action of chlorine upon aniline, the greatest part of which, how-
ever, is converted into a dark tarry mass.

Monobromaniline C(.IT,jBr.NH2 has been obtained from monobrom-
benzeue, and has great resemblance with chloraniline.

Dibrom- and tribromaniline are produced by the action of bromine
upon aniline, as well as by heating nitrobenzene with hydrobromic
acid :

—

C3II5.NO2 Gllbr = CJT,.NH2 + ,^Br2 + 2II2O
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The nitrobenzene being first reduced to aniline, free bromine is

formed, wliicli substitutes hydrogen in aniline.

lodaniline Cyll^l.NHg is readily formed by the action of iodine
upon aniline, but it is not produced by iieating nitrobenzene with
hydriodic acid, because free iodine acts only upon free aniline, but
not oil its salts, lodaniline is a weak base, crystallizing in white
prisms.

C^jllj
I

—This compound is not formed by

the action of nitric acid upon aniline. To obtain it, an anilide, as

acetanilide, is dissolved in strong nitric acid, and the nitro-acetanilide
thus formed boiled with potash-solution :

—

p .. J NH.CJI3O ^ .. .. f
NIT, ^ p „

I NO.,
“ +

{
NO.;

^
2
^^302^^

Orthonitraniline crystallizes in long yellow needles or plates, melting
at 146° and subliming without decomposition.

raranitraniline
-|

'•—This isomeride is obtained by re-

ducing dinitrobenzene with an alcoholic solution of ammonium
sulphide. It forms yellow needles, melting at 11U°, and subliming
readily on heating.

Paranitraniline is the starting-point for a series of substituted

anilines, which are isomeric with those just described. To obtain

these paranitraniline is converted, first, into a diazo-compound, and
this decomposed by hydrochloric, h^alrobromic, or hydroiodic acid.

The substituted nitrobenzenes thus formed are then reduced by a

suitable agent.

Paradilor- and 'para'broinaniline are liquids. Fara-iodaniline crys-

tallizes in silvery scales, melting at 25°.

Metanitraniline.—By the action of nitric acid on bromobenzene,

two isomeric broraonitrobenzenes are formed, one melting at 125°, and
the other at 38°. When the former is treated with concentrated

alcoholic ammonia for twelve hours to 190°, it is converted into ortho-

nitraniline, whilst the second modification yields by this reaction

metanitraniline
;
which is more volatile and more soluble than its

two isoinerides. It forms yellow needles, melting at 66°; its aqueous

solution stains the skin yellow.

The nitranilines are weak bases, forming salts, which are decom-
posed by water.

/ XU
^

^ ( *80 ^iir

—This powerful monobasic acid is obtained by dissolving aniline in

fuming sulphuric acid. It is not freely soluble in cold water, and
crystallizes from a hot solution in rhombic plates containing one

molecule of water. Its salts are soluble in water, and crystallize

well.
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r c ri NH
Thio-aniline S

j
bi-acid base is formed together

with hydrogen sulphide by heating aniline and sulphur together with

oxide of lead, the latter being added to remove the hydrogen

sulphide as soon as it is formed, because it has a decomposing action

on thio-aniline.

Thio-aniline crystallizes from a hot aqueous solution in long, thin

silky needles, melting at 104°
;
when more strongly heated, they are

decomposed. With acids it combines, forming salts which all crystallize

very readily. On adding potassium dichromate to the solution of one

of the salts, violet flakes, soluble in alcohol, are precipitated. Thio-

aniline dissolves in concentrated sulphuric acid, formiug a red or

blue solution, which, when poured into water, yields a beautiful red

liquid.

DIAMIDOBENZENES
fNH,
I nh;

OrtJiodiamiclohenzene is formed by the reduction of orthonitraniline
;

it is readily soluble in water, and forms colourless crystals, melting at

140°, and boiling at 267°.

Paradiamidobenzene has been prepared by reducing dinitrobenzene

or paranitraniline with tin and hydrochloric acid. On decomposing
the hydrochloride thus formed with soda, the base separates out

as a liquid, which gradually solidifies to a crystalline mass. It

melts at 63°, and boils at 287°. It absorbs oxygen from the air, and
changes soon into a brown mass.

Metadiamidobenzene is obtained from metanitraniline. It forms
brilliant white plates, melting at 99° and boiling at 252°

rNH^
TPJAMIDOBENZENE CgHgd NHg.

(nh^

When triamidobenzoic acid is. heated, it is resolved into carbon-

dioxide and triamidobenzene, a crystalline solid, melting at 104°, and
boiling at 330°. Its concentrated aqueous solution has an alkaline

reaction, and gives, with ferric chloride, a violet precipitate, which
soon turns brown. It reduces an ammoniacal silver solution, and
gives, with sulphuric acid containing a trace of nitric acid, a deep
blue liquid. Triamidobenzene forms crystalline salts, containing two
equivalents of an acid.

AZO-DERIVATIVES OF BENZENE.

CHI
Azobenzenc r ^2 obtained by distilling nitrobenzene with

an alcoholic solution of potash. In this reaction the alcohol acts as

a reducing agent, being oxidized to aldehyde. Azobenzene is also
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produced by the action of sodium amalgam on an alcoholic solution

of nitrobenzene, and, but in a small quantity only, by oxidizing

aniline hydrochloride with potassium permanganate.
It crystallizes in large yellowish-red plates, melting at G6°'5, and

boiling at 293°, and possessing a faint smell of roses. Concentrated

nitric acid converts it into nitro-compounds, and sulphuric acid

dissolves it in the cold without acting on it; but on heating the solu-

tion azobenzenesuli^lionic acid 0^911^^280311 is formed, which, as well

as its salts, readily crystallizes.

Azobenzene readily combines with bromine, forming azobenzenc

dibroniidc Cyll^QlSrglhq, crystallizing in golden-yellow needles, lle-

ducing agents, as ammonium sulphide, convert it into hydrazobcnzenc

C9illjoN9j[9, a compound which is also obtained, together with azo-

benzene, by the oxidation of aniline hydrochloride. It crystallizes

in colourless plates, smelling like camphor. Oxidizing agents con-

vert it into azobenzene, and by distillation it is resolved into aniline

and azobenzene.

I) initrohydrazobenzene C,2Hg(N02)2N2lI.2 is formed by the action of

cold ammonium sulphide on dinitro-azobenzene. It crystallizes from

boiling alcohol in large yellow needles, melting at 220°
;
by heating

above this temperature, it is resolved into dinitro-azobenzene and
paranitraniline.

Eiamidohydrazobenzene or Dipheninc Cj9Hg(NH2).2N2^^2 ^ yellow

crystalline base, obtained by boiling dinitro-azobenzene with alcoholic

ammonium sulphide. By the further action of reducing agents, it is

resolved into two molecules of diamidobenzene.

Azoxybenzene C^9HjoN20 is formed together with azobenzene by
reducing nitrobenzene with alcoholic potash. It crystallizes in long

yellow needles.

These azo-compounds are bodies standing intermediate between

nitrobenzene and amidobenzene
;
their constitution is explained by

the following formulre :

—

Nitrobenzene .... CgH^.NOg

Amidobenzene .
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DIAZOBENZENE COMPOUNDS.

These compounds are produced by acting with nitrous acid on a

salt of aniline
;
thus aniline nitrate yields diazohenzene nitrate :

—

CeHs.NH^NOall + HNO2 = C(jIl5N2.N03 + 2H.,0

The monad radical diazobenzene has the constitution CyH5.N=N—

;

its compounds are very unstable bodies, and easily decomposed by

water, absolute alcohol, and acids. Thus, on boiling a diazobenzene

compound with absolute alcohol, it is reduced to benzene :

—

C,H3N,.N03 + C,H,0 = Cgllo + C^H.O + NO3H +

When it is boiled with water, it yields phenol

—

C„H,N2.N03 + HgO = C.H^.On + NO3II + NO3II

whilst concentrated hydriodic acid converts it into moniodobenzene ;

—

+ HI = C,H,I + NO3H +
The substituted anilines aru acted on by nitrous acid in precisely

the same manner, and the diazobenzene compounds are, therefore, of

great theoretical interest; as by means of them not only a large

number of substitution-products may be obtained by simple reactions,

but also the positions of the side-chains in isomeric bodies can be

fixed, if we either start with buch of bnown constitution, or if we
obtain compounds in which the positions of the side-chains have been
ascertained by other reactions.

Thus paranitraniline yields diazobenzene compounds, which, by the

action of hydrochloric, hydrobromic, or hydriodic acids, are converted

into the corresponding substituted nitrobenzenes, in which, as well as

in paranitraniline and paradiamidobenzene, the side-chains occupy
the positions 1, 4, inasmuch as the paranitro-iododobenzene thus formed
yields by reduction para-iodanilirie, and this compound, by converting

it again into a diazo-compound, and boiling the latter with water, is

transformed into para-iodophenol (see page 314).

In metanitraniline and metadiamidobenzene, the side-chains have
the positions 1, 2. This follows from the following considerations:

—

Para-oxybenzoic acid belongs to the group 1, 4 (see page 314
;
to the

same group belongs, therefore, para-amidobenzoic acid CgH^
-j

>

inasmuch as it yields a diazo-compound, which by boiling water is

converted into para-oxybenzoic acid. The amido-acid can yield two
nitro-compounds : in one of these the nitroxyl has the position 2 = 6

and in the other 3=5. One of these yields, by acting on it with an
alcoholic solution of nitrous acid, common nitrobenzoi/ acid belong-

ing to the group 1, 3 ;
consequently in the corresponding nitro-amide-
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benzoic acid the groups Nib, and NO
2
are linked to two adjoining

carbon-atoms, or in tlie positions 3, 4 = 1, 2. Now, as by reduction
this nitro-acid yields a diainidobenzoic acid, wliicli, by the action of
heat, is resolved into carbon dioxide and metadiamidobenzene, it

follows that the latter compound belongs to the group 1, 2.

As we know now the constitution of two dianiidobenzenes, we
know also that of ortliodiamidobenzene, which, as well as its deriva-
tives, belong to the group 1, 3.

The different svibstituted anilines obtained by the above reactions
can again be transformed into diazo-compounds, and the latter into

isomeric dichloro-, dibromo-, or di-iodobenzenes. Now, as from all

these bodies new nitro- and amido-compounds may be produced, and
the latter again converted into diazo-compounds, it is readily under-
stood how important the diazo-compounds are from a theoretical point
of view.

Biazobenzene, Nitrate C(.Il
5
N

2
.N03.—To prepare this compound,

water is added to an excess of aniline nitrate, and nitrogen trioxide

passed into the liquid. Tlie solution becomes warm, and soon the salt

appears in crystals, the yield of which is increased by adding a mix-
ture of alcohol and ether. It forms colourless needles, sparingly

soluble in alcohol, and insoluble in ether. The dry salt detonates by
heat or percussion with the greatest violence.

Biazobenzene Sul/phate CYH^Ng.SO^H is obtained by decomposing a

concentrated solution of the nitrate with dilute sulphuric acid, and
adding alcohol and ether to the liquid. It crystallizes in colourless

prisms, and is very explosive. Wlien to its solution a solution of

platinic chloride in hydrochloric acid is added, the compound
(C(,Hj

5
N

2
C 1)2 + rtCl^ separates in fine yellow prisms.

Biazobenze7ie-2Jotassoxide CyH5N2.0K.—This compound is obtained

by adding potash-solution to a salt of diazobenzene. It separates as

a yellow, oily liquid, which, by drying on a water-bath, solidifies to a

crystalline mass. The pure com230und forms small shining scales, and
is readily soluble in water.

Biazobenzene-argentoxide CgH^Ng.OAg is a greyish-white and very

explosive powder, which is obtained by adding silver nitrate to a

solution of the potash-compound.

Biazobenzene Hydroxide CcH^Ng-OH.—When acetic acid is added

to the potash-compound, a yellow oil, possessing an aromatic smell,

separates out, which appears to be diazobenzene hydroxide. It is a

most unstable body, which in a few moments decomposes with evolu-

tion of nitrogen and phenol.

Biazo-amidobenzene C^Il-N
2
.NH(CgIl

5)
is produced by adding ani-

line to an alcoholic solution of diazobenzene salt, and is also obtained

by passing nitrogen trioxide into a cold alcoholic aniline solution, or

by adding a slightly alkaline solution of potassium nitrite to a solution

of aniline hydrochloride. It is insoluble in water, and crystallizes

from an alcoholic solution in golden-yellow scales. On heating, it

explodes. It does not combine with acids, but yields with platinic
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chloride and hydrochloric acid a crystallized double salt

CIH), + PtCl^.

Amido-azobenzene CgHg.]Sr2.CgH^.NH2.—This compound is isomeric

with diazo-amidobenzene, and is obtained by leaving the latter in

contact with alcohol and an aniline salt. It is also produced by
passing nitrogen trioxide into a warm solution of aniline, and by
reducing mononitro-azobenzene with ammonium sulphide. Amido-
azobenzene crystallizes from alcohol in yellow needles, which sublime
at a high temperature

;
it is found in commerce under the name of

Aniline-yellow. It is a weak base, forming salts having a red or

violet colour, and which are decomposed by water.

On heating it with tin and hydrochloric acid, it takes up hydrogen,

and is resolved into aniline and diamidobenzene :

—

CioHnNs + 2H2 = -h

I’his reaction shows that it has the following constitution :

—

C,H-N=I1-C,H,.NH2

whilst the isomeric diazo-amidobenzene is :

—

C,H-N=N-NH.C,II,

We do not yet know why diazo-amidobenzene, when in contact
with an aniline salt, undergoes such a molecular change

;
a small

quantity of the latter being sufficient to transform a large quantity
of diazo-amidobenzene into amido-azobenzene.

Triamido-azohenzene
| )

-—The hydrochloride of this

base forms the principal portion of FJienylene-broivn, a colouring
matter used for dyeing woollen goods, which is manufactured by
adding a solution of sodium nitrite to a cold, dilute solution of
paraniidobenzene hydrochloride. The mode of formation of this base
is quite analogous to that of aniline-yellow. The diazo-diamido-
bcnzene, which is first formed, undergoes a molecular change, and is

transformed into triamido-azohenzene.

Diazo-diamidobenzene H2iSr.C(.Ii,^.ISr2.NII.CgH4.]Sril2

Triamido-azobenzene H2N'.C(.H^.K'2.CgH3
1

OXYBENZENES, OE PHENOLS.

Monoxybenzene, or Common Phenol CJI5.OH.—Tliis compound,
which is also known by tlie names “ carbolic acid ” or “ phenyl alcohol,”
is produced in quantity by the destructive distillation of coal, wood,
and other organic substances. It occurs in small quantity in human
urine, and in the urine of herbivorous animals, and in castoreum.
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Phenol has been obtained synthetically by dissolving acetylene in

finning snlplmric acid, and fusing the suljiho-acid thus formed with
caustic potash :

—

3C2II.SO3K + 3KOH = CeH^.OH + 2K2SO4 +

Idienol is manufactured on the large scale by agitating heavy coal-

tar oil, boiling above 150°, with a concentrated soda-solution, to which
some solid caustic soda is added. A crystalline magma is formed,
whilst neutral oils are left undissolved. After the latter have been
separated, the soda-compound is decomposed with hydrochloric acid,

and the impure phenol again treated with a quantity of soda, which
is insutiicient to dissolve the whole

;
phenol dissolving in alkalis

more readily than cresol and other homologues, which are present in the

crude product. The solution is exposed to the air, in order to remove
impurities which are easily oxidized, and soon separate as a tarry

matter. The clear liquid is then treated with hydrochloric acid, and
the phenol, after being dried over calcium chloride, is submitted to

fractional distillation. From the portion boiling below 190°, phenol
separates out in crystals on cooling.

Pure phenol may also be obtained by heating salicylic acid (oxy-

benzoic acid) with quicklime
;
this reaction is quite analogous to the

formation of benzene from benzoic acid :

—

caoii
=

Pure phenol crystallizes in long, colourless needles, melting at 42°,

and boiling at 184°. It possesses a characteristic odour and a
pungent and caustic taste, producing white blisters on the tongue. It

combines with water, forming a crystallized hydrate 2(CgH5.0H)-f-Hj0,

which by distillation is again resolved into water and phenol.

Pure phenol remains unaltered in the air, but the commercial pro-

duct soon absorbs water, and is converted into a red liquid. It is

much used as a disinfectant, and for the conservation of wood, because

it possesses the property of preventing putrefaction.

Ferric chloride produces in an aqueous solution of phenol a violet

colour
;

and, with a little ammonia and a solution of bleaching-

powder, it yields a fine blue colour. The best reagent for phenol is,

however, bromine-water (see tribromophenol).

C 11 )

Methjl-phenyl F.ilicr, or ^

|
0.—This compound was first

obtained by distilling anisic acid with baryta, and is easily prepared

by heating potassium phenate with methyl iodide. It is a coloruless

liquid, possessing an aromatic odour, and boiling at 152°. By heating

it with hydriodic acid to 130°, it is resolved into methyl iodide and
phenol.

Eihyl-phenyl Ether, or Tlicnctol 0(511,^.0.0211,^, is obtained in a similar

way from ethyl iodide
;

it is an aromatic liquid, boiling at 172°.
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CHOI
Ethene-diphmyl Ether

q r C2
II

4
is obtained by heating ethene

bromide with potassium plienate. It is insoluble in water, and
crystallizes from ether in shining scales, melting at 98°‘5.

C H 1
Diphenyl Ether 0 is formed by the action of phenol upon

diazobenzene sulphate :

—

CeH,N2.S04H + CeH,.OH =
1
0 + SO^H^ +

It is a crystalline solid, possessing an agreeable odour, melting at 28°,

and boiling at 246°. This ether is a most stable compound, which is

not reduced by red-hot zinc-dust, and not acted upon by chromic acid,

nor altered by heating it with concentrated hydriodic acid.

CHI
Phenylphosphoric Acid ^

|
PO

4
is formed together with diphenyl-

phosphoric acid, by the action of phenol on phosphorus pentoxide.

Triylienyl phosphate (CgH
5
)gP04 is a colourless, crystalline sub-

stance, which is formed, together witli chlorobenzene, by the distilla-

tion of phenol with phosphorus pentachloride.

r oc H
Phenyl Carbonate CO < is produced by heating phenol and

carbonyl chloride in closed tubes to 140° to 150°. It crystallizes from
alcohol in brilliant silky needles, melting at 78°. On heating, it gives

off an agreeable aromatic odour, and sublimes in long needles.

With potash solution, it yields potassium carbonate and potassium

phenate.

C II )
Phenyl Acetate or Acetyl-phenol Ether > 0 is formed by the

^2^30 3

action of acetyl chloride on phenol, and has also been obtained by
heating anhydrous lead acetate with carbon disulphide and phenol :

—

4C,H,.OH + I
^ ^

} « )
+ 21’bS + CO, + 2H,0

It is a colourless liquid, possessing a peculiar smell, and the same
index of refraction as soft German glass

;
if, therefore, such a glass

tube be dipped into the liquid, it becomes invisible. It boils at

200°.

Phenyl Sulphydrate, or Thiophenol CgHr,.SH.—This body has been
produced by reducing benzenesulphonic chloride with zinc and dilute

sulphuric acid
;
and it may also be prepared by the action of phos-

phorus pentasulphide on phenol. It is a colourless, strongly refractive

liquid, boiling at 165°, and possessing a penetrating, disagreeable smell

Like other merca))tans, it forms readily metallic compounds.
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Phenyl Sulphide ^ T r S is formed, together with thiophenol, by
3

the action of phosplioriis pentasulphide on phenol, and is also pro-

duced by the dry distillation of sodium henzeuesulphonate. It is a

limpid liquid, boiling at 2i)2°, and possessing a disagreeable alliaceous

smell. Nitric acid oxidizes it to siilphohenzide.

C II 1
Phenyl Disulphide r Sg is obtained, as the first product, when

3
. .

thiophenol is heated with dilute nitric acid, and forms shining white

needles. By the action of nascent hydrogen, it is again converted into

thio])henol
;
and by boiling it for a long time with nitric acid, it is

oxidized to benzenesulphonic acid.

Phcnolsuljdwnic Acid CgH 4
1

•—Two isomeric acids having
1 • • • 1

\ 3

this composition are known, both l^eing’ formed by the action of con-
centrated sulphuric acid on phenol. When a solution of phenol on
sulphuric acid is left for a few days, the chief product consists of

mctaphenolsidphonic acid, and only a small quantity of paraphcnol-
sulphonic acid is formed; whilst, on heating the mixture gently, more of

the latter is obtained, and by exposing it to a temperature of 100°

—

110°, the meta-acid is completely converted into the para-acid.

To obtain the free acids, the insoluble basic lead-salts are decom-
posed by hydrogen sulphide, and the solution first concentrated on a

water-bath, and then evaporated in vacuo

;

they form needle-shaped

crystals. The meta-acid is not easily obtained perfectly pure, as on
heating its solution a part is always converted into the para-acid.

Both form crystalline salts
;
those of the para-acid are less soluble in

water than the meta-salts, and crystallize in diflerent forms.

The side-chains in the meta-acid have the position 1, 3, as on
fusion with potash it yields pyrocatechin, whilst the para-acid

belongs to the series 1, 4 ;
as by fusing it with potash it is converted

into resorcin (see page 314).

Phenoldisulphonic Acid Cgllg

SO3II
Oil is obtained by heating phenol

(.scyi
with a large quantity of concentrated sulphuric acid for a long time.

On neutralizing the dilute solution with barium carbonate, and eva-

porating the filtrate, the barium- salt CgH
3

.0Il(S0 .,).2
Ba -f dll.^O is

obtained in large prismatic crystals. The free acid is very soluble

in water, and crystallizes in small needles. Bhenoldisulphonic acid

may also be produced by decomposing diazobenzene sulphate with

concentrated sulphuric acid. Ferric chloride colours the free acid, as

well as its salts, ruby-red.
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NITEOPHENOLS.

Mononitro'plieiiol CqH^(N02)0H exists in three isomeric modifica-

tions, of which, however, two only have been carefully examined. They
are formed together by the action of cold nitric acid (of 20 per cent.)

on pure phenol, and separated by submitting tlie mixture to a current

of steam, by which only one modification is volatilized. The volatile

mononitrophenol is but sparingly soluble in water, more freely in

alcohol, and crystallizes in long, transparent, yellow needles, melting

at 45°, and boiling at 214°. It has a sweet taste, and an aromatic

odour.

The second compound has been called orthoniirophenol ; it crystal-

lizes from boiling water in brilliant, colourless needles, assuming a

red colour in the light. It melts at 110°, and volatilizes at a high

temperature.

The solutions of both compounds have an acid reaction, and they

decompose carbonates
;
their salts crystallize well

;
the silver salts

are insoluble in water
;
that of the volatile nitrophenol has a deep

orange colour, and silver orthonitrophenate is a scarlet precipitate.

a Dinitrophenol CgH3(N02)20H is obtained by acting with nitric

acid of specific gravity 1’37 on orthouitrophenol. It crystallizes

from boiling water in yellowish-white striated plates, melting at 114°,

and is a strong monobasic acid.

/3 Dinitrophenol is formed together with the a compound and trini-

trophenol by the action of nitric acid on the volatile nitrophenol.

The two dinitrophenols are separated by preparing the barium salts,

which are repeatedly re-crystallized
;
barium a dinitrophenate being

much more soluble than the salt of the /3 compound. j3 dinitro--

phenol crystallizes from water in short, pointed, yellow needles, and
from benzene in long, thick needles, melting at 64°.

Trinitroplienol or Picric Acid CgH3(]Si02)30H is the final product

of the action of nitric acid on phenol, as well as on many other bodies

containing the aromatic nucleus, such as salicin, indigo, gum-benzoin,

balsam of Peru, acaroid-resin, aloes, silk, wool, &c. It is obtained on

the large scale by heating phenol with nitric acid until the action

ceases.

Pure picric acid crystallizes from water and alcohol in pale-yellow

plates, and from ether in fine prisms, melting at 122°'5. When care-

fully heated it sublimes, but on heating it quickly it decomposes with

deflagration. It has an intensely bitter taste, and is but slightly

soluble in cold water, and more freely in boiling water.

By acting on it with a solution of bleaching-powder, it yields

cldoropicrin CCI3NO2 (see page 1U2) and tetrachloroquinone CCl^Og.

Picric acid is much used for dyeing silk and wool yellow. Its

crystalline salts have a yellow or orange colour.

Potassium picraie CgH2(N02)30K is but slightly soluble in cold
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water, and crystallizes in long, shining yellow needles
;
by heat and

by percussion it explodes with an extraordinary violence, and is

therefore used for the preparation of explosives.

The picrates of sodium, ammonium, barium, and silver are readily

soluble in water.

Ethijl pierate CgIl2(N02)30C2H5 is produced by the action of ethyl

iodide upon dry silver picrate. It crystallizes in long, pale-yellow

needles, which on heating first melt, and then decompose with a

slight explosion.

By the action of phosphorus pentachloride upon picric acid, trini-

trochlorobcnzene CgH2(N03)3Cl is obtained, a crystalline solid, having
an aromatic smell. This compound has been also called picryl chloride,

because it is decomposed by water, analogous to other acid chlorides,

into picric acid and hydrochloric acid.

This reaction shows how the character of an aromatic compound is

inodified when hydrogen is replaced by nitroxyl. "Whilst mono-
chlorobenzene is not acted on by caustic potash, its trinitro-compound

is readily decomposed by water.

Triniiro-ariidohenzene, or Picramide Cgll2(NO.,)3XH2, is produced
by acting with ammonium carbonate on picryl chloride, or by heating

ethyl picrate with alcoholic ammonia. It crystallizes from glacial

acetic acid in glistening yellow plates, melting at 187 °. On heating

it stronger, it decomposes without explosion
;
and, by boiling it with

caustic potash, it yields ammonia and potassium picrate.

Picric acid combines with aromatic hydrocarbons, forming com-
pounds which are distinguished by their characteristic colours

or crystalline forms. This acid is, therefore, often used for the

detection or separation of such hydrocarbons. Thus on dissolving-

picric acid in hot benzene, the compound + Cgll2(N02)30II

separates out on cooling in pale-yellow transparent crystals, melting

at 149 °
;

it dissolves, without decomposition, in alcohol and ether
;

but when exposed to the air, benzene is slowly given off, whilst

alkalis decompose it at once.

Isopurpuric Acid, or Picrocyamic Acid CgH^M^Og.—The potassium

salt of this acid is formed by dissolving picric acid in a solution of

potassium cyanide :—

-

+ 3CNK -h 2II2O = CsII^N^OgK -f CO^K, + NH3

I’otassium isopurpurate crystallizes in reddish-brown scales, having
a beetle-green lustre, and dissolving in water and alcohol with an
intensely red colour

;
it explodes by heat. The free acid is not

known, but a great number of salts have been prepared. The am-
monium salt, which is obtained by double decomposition of the

potassium salt with sal-ammoniac, has the greatest resemblance to

ammonium purpiirate or murexide, and is used for dyeing. Barium
iso])urpuratc is a vermilion-red precipitate, which is soluble in hot

water.
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The isopiirpiirates are decomposed by acids
;
the liquid gives oft a

pungent smell; brown Hakes separate out; and on evaporating tliO

brown solution an amorphous residue is left behind.

AMIDO-COMPOUNDS OF PHENOL.

Ortho-aniidophenol CgH^
|

is obtained by reducing orthonitro-

phenol with zinc and hydrochloric acid. It is a brown crystalline

powder, which on heating sublimes, with partial decomposition, in

white needles
;

it forms, with acids, crystallizable salts. An isomeric

compound is produced by the reduction of the volatile nitrophenol

;

it crystallizes in colourless rhombic plates, which readily sublime
;

it

is also a base.

CgIT
3

-|^

jjot yet been obtained in a pure

state.

fNlT,
Dinitro-amiclophenol or Picramic Acid CgH,-< OH .—The am-

monium-salt of this compound is formed by the action of hydrogen
sulphide on ammonium picrate. By decomposing it with hydro-
chloric acid, picramic acid is set free

;
it crystallizes in brilliant red

needles, melting at 165°, and forms red-coloured salts.

DIAZOPHENOL-COMPOUNDS.

The chlorides of these compounds are formed by treating the

hydrochlorides of the two amidophenols with alcohol which has been
saturated with nitrogen tiioxide.

Orthodiazophenol chloride CgIl
4
(OH)N

2
Cl is but slightly soluble in

alcohol, and crystallizes in long colourless needles. The second diazo-

2)henol chloride dissolves more freely in alcohol, and forms colourless

rhombohedrons.
Both compounds decompose at 100°, with a slight explosion, and

yield, when treated with concentrated hydriodic acid, the correspond-

ing iodophenols. When they are heated with hydrochloric acid,

resinous bodies are formed, but no chlorophenols
;
the latter may.

however, be obtained by submitting the platinum double salts to dry
distillation.

C z
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HALOID SUBSTITUTION-PRODUCTS OF PHENOL.

Orthocliloroplicnol CqH^CI.OH is the first product of tlie action of

chlorine on phenol. It crystallizes in white needles, inelting at 41°,

and boiling at 218°. It possesses a faint but very disagreeable smell,

and is very caustic, producing white blisters on the skin. An isomeric

compound has been obtained from the second diazo-compound, as

above mentioned. It is a thick oily liquid, having a peculiar aromatic

odour, and boiling at about 180°.

C Cl . .

JMcliloro'plicnol C^jllg
I OH

is obtained, together with trichloro-

phenol, by the action of chlorine on ])henol or chlorophenol. To
separate the two compounds, ' the mixture is treated with a warm
solution of sodium carbonate, by which only the trichlorophenol is

dissolved, whilst impure dichloro])henol is left behind as an oily liquid,

which is purified by fractional distillation and recrystallization. It

crystallizes from benzene in long needles, melting at 43°, and boiling

at 209°.

f Cl
Tricliloro'plimiol crystallizes in thin white needles,

melting at 61°, and boiling at 244°. It possesses a strong, disagree-

able odour, and is a monobasic acid.
c Cl

Tetrachloroplunol C^H is not known in a pure state.

Pentaclihrophenol or PercJdorophenol CgCl,,.OH is readily obtained

by the action of .chlorine on a mixture of phenol and antimony tri-

chloride. The crude product is purified by distilling it with steam

at 180°—200°. It crystallizes from petroleum-naphtha in thin, long,

brilliant needles, melting at 187°; its alcoholic solution colours blue

litmus red. At the common temperature it is odourless, but when
heated it gives off a very pungent odour, and its dust produces violent

sneezing. Phosphorus pentachloride converts it into hexachloro-

benzene. When its potassium salt is heated, it is resolved into

potassium chloride and 2}C'>'<^hlorophenylene oxide CgCl^O, which is

insoluble in alcohol and most other solvents, but dissolves freely in

boiling nilrolienzeiip, and crystallizes on cooling in fiat needles, re-

sembling benzoic acid. It melts at 320°, and boils above the boiling-

])oint ol' mercury. As this compound has such a high boiling-point,

it has probably the following constitution :

—

o< No
C Cl

Monohromophcnol Cgll^j is obtained by dissolving bromine and

phenol in glacial acetic acid, and gradually mixing the well-cooled
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solutions. It forms large colourless crystals, resembling alum; it

melts at 64°, and boils at 236"

f Br
Dihromojjhenol is produced by the further action of

bromine, and forms glistening, \vhite crystals, melting at 40°, and sub-

liming even at the common temperature.

Tribromoj)hcnol Cgllg
|

qj;^£
is obtained as a crystalline precipitate

by adding bromine water to an aqueous solution of plienol. It is

quite insoluble in water, and this reaction may be used for the quan-
titative determination of phenol, as well as for detecting small

quantities of it— for example, in urine, or in drinking water from
wells situated near gas-works, &c. Aniline and some other bodies

give similar precipitates with bromine water
;

but that produced
by phenol differs from these by being easily reduced to phenol, which
can be recognized by its characteristic smell. This reduction is

readily effected by treating tribromophenol with dilute sulphuric acid

and sodium amalgam.
Tctra- and Pentahvmoj^hcnol are also known; both are crystalline

solids.

Moniodoplienol CgH^
|

exists in three isomeric modifications.

The two of these are formed together by acting with iodine and iodic

acid on an alkaline solution of phenol :

—

oCgHg.OH -h 21, -f HIO 3 = 5CgH,I.OH 311,0

Ortho-iodophenol is also obtained pure by boiling diazo-iodobenzene

sulphate with water. It forms flat, glistening needles, possessing

a faint but disagreeable smell
;

nitric acid decomposes it with the

separation of iodine.

Meta-iodophenol is an oily liquid, but has not yet been obtained

perfectly pure.

Fara-iodophenol has been prepared from the diazo-iodobenzene

sulphate obtained from para-iodaniline. It crystallizes in needles,

and yields, with fuming nitric acid, substitution-products, without
iodine being liberated. The same compound is also formed, together

with a small quantity of its isomerides, by acting with iodine on
phenol in the presence of mercuric oxide:

—

2Cyr,.()H -f 21, -f IlgO = 2CgHJ.OII + Ilgl, -f 11,0

dioxybenzenp:s.

The three isomeric dioxybenzenes have been prepared by fusing

iodophenols with caustic potash ;

—



340 THE CHEMISTRY OF

Hildroquinone is prepared by heating ortlio-iodophenol with potash
to 180°. This body was first obtained by suspending quinone CgH^O.2

(see below) in water, and passing sulphur dioxide into it until a

colourless solution is formed :

—

1 o> + 2140 + SO, = C„1I,
[

+ S0,1I,

llydroquinone crystallizes in rhombic prisms, melting at 172°, and
subliming with partial decomposition at a higher temperature. It

exists as glucoside, called arhutiii, in the leaves of the bearberry

{Arhutus Uva ursi) and other Ericacea3
;
when arbutin is boiled with

dilute sulphuric acid, it is resolved into hydroquinone and dex-

trose :

—

C H ^ I 1 n —
1 0C„H„0, + H j

roll
(OH+ H 10 = C,HJ + cyi,4,o,12^6

Hydroquinone does not yield substitution-products with bromine
and chlorine, because these elements oxidize it first to quinone. But
substituted hydroquinones are readily formed by the action of sulphur

dioxide and water on chloro- and bromo-quinones.

Dinitrohydroqiiinone 0^112
1

action of concentrated

nitric acid on arbutin, dinitroarbutin is formed, which, on boiling with

very dilute sulphuric acid, is resolved into dextrose, and dinitrohydro-

quiuone. It crystallizes in golden-yellow plates, dissolving with a

blue colour in alkalis.

Quinone CgH^ |Q)>.—This compound was first obtained by oxi-

dizing quinic acid C(.IT7(0H)^C02H with manganese dioxide and
sulphuric acid

;
and it is also formed by the oxidation of hydro-

quinone and several other derivatives of benzene.

Quinone is a very volatile body, subliming readily in brilliant

golden-yellow needles, possessing a suffocating smell, like iodine. It

is but slightly soluble in cold water, more freely in boiling water and
alcohol and ether

;
the solution has a yellow colour, and produces

brown stains on the skin.

O.OaH,.OH
Quinhydrone, or green llydroquinone CglQ

| q qq*^H^ Oir
. 4

*

by the incomplete reduction of quinone with sulphurous acid, and by
the direct combination of quinone and hydroquinone. It is also pro-

duced by adding chlorine-water gradually to a solution of hydro-
quinone :

—

Q JT J I

HO.CgTQ.OH — C H i
O OCglQ.OH 4TTniWh on + no.CgIQ.OH + ~

\
O.OCglQ.OH +

Quinhydrone crystallizes in smooth, long needles, possessing a
splendid beetle-green lustre, and a faint smell of quinone, and dis-
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solving ill hot water, with a brown colour. In cold water it is almost

insoluble, and by boiling water it is resolved into hydroquinone and

quinone, which volatilizes with the steam. By oxidation, it is readily

converted into quinone, and by reduction into hydroquinone.

Cgll^-| —This beautiful body is produced

by boiling an aqueous solution of one part of jnire phenol witli two

and a half parts of chromic acid. It readily volatilizes with steam,

and is freely soluble in water. Ether dissolves it from its aqueous

solution, an(l on evaporation it is left behind as a crystalline mass,

which, by sublimation, yields long, splendid red needles, possessing a

green metallic lustre, and a faint, pungent smell, and melting at 71°.

rhcnoquinone has also been obtained by the action of phenol upon
quinone :

—

2C,H,
0 HO.C.H,

+ lIO.CgHs

jo.ocyi,

I 0.00,11,
+ 0,11 4

J OH
(
OH

Monochoroquinone C
9
II

3
CIO.

2
" is obtained by the action of chlorine

on quinone
;

it forms long, yellow needles, which, by the action of

sulphurous acid, are converted into colourless monochlorhydroquinonc

CgllgC^OH).,, a compound which is also produced by evaporating a

solution of quinone in strong hydrochloric acid.

Dichloroquinone CgHgChO./' crystallizes in large yellow prisms
;
by

the action of sulphurous acid, it yields, first, hexachloroquinliydrone,

which, by further reduction, is converted into dichlorohydroquinone.

Trichloroquinone CgHCl^Og”.—By adding a mixture of phenol and
potassium chlorate to dilute hydrochloric acid, a reddish-yellow crys-

talline mass is obtained, consisting of a mixture of trichloroquinone

and tetrachloroquinone. To separate them, they are reduced by means
of sulphurous acid, and the chlorinated hydroquinones exhausted
with boiling water, which only dissolves trichlorohydroquinone, which,

by oxidation, is reconverted into trichloroquinone, crystallizing in

large, thin, yellow plates, melting at 163“, and easily subliming.

Tetrachloroquinone, or Chlorctnil CgCl^O/'.—This body is produced
(generally together with trichloroquinone) by the action of potassium
chlorate and hydrochloric acid upon all substances which yield picric

acid, when boiled with nitric acid.

It crystallizes in brilliant, golden-yellow scales, which are insoluble

in water, slightly in cold and freely in hot alcohol, afid sublime at a

high temperature. It is a very stable compound, and not acted upon
by concentrated sulphuric acid, nitric acid, and aqua regia. On heat-
ing it with phosphorus pentachloride, it is converted into hexachloro-

benzene 0,01,. By boiling it with a solution of sulphurous acid, it

yields tetrachlorohydroqvAnone or chlorohydranil, small white plates,

which are insoluble in water.

Chloranilic Acid 0,.0l202" f Oil

\ OH
—Ohloranil dissolves in dilute
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Chloranilamic Acid C^X^\^0"^

warm potasli-solutioii with a red colour, and on cooling purple needles

of potassium chloranilate crystallize out

—

C^C1,0"2 + 4KOH = C.Cl^O^
I

+ 2KC1 -f 2 II
2
O

By decomposing this salt with sulphuric acid, chloranilic acid is

obtained in small reddish-white plates, which, after drying, assume
the colour of red lead, and dissolve in water with a violet colour.

Nil
qPj-

2.—The ammonium salt of this

acid is obtained by dissolving choranil in ammonia. I'lie free acid

crystallizes in almost black needles, having a diamoml-lustre. By
heating it with dilute acids, it is converted into chloranilic acid.

Fijrocatechin, or Oxyphcivic Acid
|

—This second dioxy-

benzene is found amongst the products of the distillation of wood,

and in several vegetable extracts, such as “ kino,” “ catechu,” &c.

;

and has also been found, but in small quantity only, in the green

leaves of the Virginian creeper. It is also produced by heating

oxYsalicylic acid :—

•

'3jC0.0H = C„H,|^»+C(.,c,lh

and by fusing metaphenolsulphonic acid or meta-iodophenol with
potash.

Pyrocatechin is leadily soluble in water and alcohol, and crystal-

lizes in square prisms, melting at 112°, and boiling at 245°, but
subliming at a lover temperature in shining plates. Its alkaline

solution absorbs oxygen, and becomes dark-green, and then black.

The aqueous solution of pyrocatechin gives, with lead acetate, a white
precipitate CgH^Ogl’b, and assumes a green colour by adding ferric

chloride.

Pyrocatccliin-'mcthyl Ether, or Guaiacol is found

amongst the products of dry distillation of “guaiacum” and beech-
wo(j(l, and i'orms a chief constituent of the genuine or wood-tar
cieosote. It has been also produced artificially by heating pyro-
catceliin with caustic potash and potassium methylsulphate

—

(Ml ^ -4-
^ ^ ^ ''() — (Ml ^ flCIls

. T'
^ c*U

I ( K K j

~ ^ ‘

4 ') OK + 1^2^^4
\
OK

It is a colourless liquid, boiling at 205°, and possessing an aromatic
smell. By heating it with concentrated hydriodic acid, it is resolved
nto methyl iodide and pyrocatechin.

R(sorcoi CU^
I

—This body is formed by fusing several resins

or gum-rcsins (as galbanum), or extract of sapan-wood and other
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dye-woods, with caustic potash
;
and it has also been produced by tlie

action of caustic potash upon benzenedisulphonic acid, j^araphenol-

sulphonic acid, and para-iodophenol.

It forms colourless, triclinic crystals, melting at 99°, and boiling at

271°. It is very soluble in water, and possesses a sweetish and harsh

taste. Its aqueous solution is coloured dark violet by ferric salts.

When a solution of nitrous acid in nitric acid is added to a cold

and dilute etherial solution of resorcin, it is converted into diazo-

resorcin CjgHj
2
^

2^c> dissolving in acetic acid with a dark cherry-red

colour, and crystallizing in small granular crystals, having a green,

metallic lustre.

By the action of hot sulphuric acid, or hydrochloric acid, this

compound is converted into d.iazoresorufin CggH^gN^Og, separating

from hot hydrochloric acid in small dark-red and brilliant granular

crystals. It dissolves in alkalis with a crimson colour
;
the dilute

solution exhibits a splendid vermilion-red fluorescence.

By heating diazoresorcin with acetyl chloride in sealed tubes, the
compound C^gllgoN^ClgO^g is formed, crystallizing from acetic acid in

yellow scales, and dissolving in alkalis with a splendid violet colour.

Hot nitric acid converts it into the tetrazo-compound k'^gll^glSrj^^ClgOg,.,

ciystallizing in small purple plates, the etherial soluiion of vliich

shows a really surprising vermilion-red fluorescence.

Mononitroresorcin Cc^I3
(jSTO)2

| qIj
is contained in considerable

quantity in the mother-liquid from the preparation of diazoresorcin.

It crystallizes in very thin and long, straw'-coloured needles, and
forms three series of salts, the colom’ of which is lemon-vellow,
golden-yellow, and dark orange.

Trinitroresorcin, or Styphnic Acid CgII(N0.2)2 1 is obtained by

the action of nitric acid upon resorcin, and all resins and extracts

which yield resorcin on fusion with potash. It crystallizes in pale-

yellow hexagonal prisms, and possesses a very astringent taste. Its

reddish-yellow salts crystallize well, and when heated explode even
more violently than the picrates.

TllIOXYBENZENES.

foil
Pyrogallol, or PyroyaJHc Acid CgllgK Oil.—Tliis bodv is formed

(on
when gallic acid Cyll2(0H)3C02H is heated to 200°. It crystallizes

in shining white needles, and is readily soluble in water
;
the solution

has no acid reaction, and colours ferrous salts dark-blue, and ferric salts

red. By exposing an alkaline solution to the air, it rapidly absorbs

oxygen, and assumes a dark colour
;

it is therefore used to absorb
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oxygen from a mixture of gases, but it is not adapted for a quantitative

determination of oxygen, because there is always a small quantity of

carbon monoxide formed at the same time. By boiling it with con-

centrated caustic potasli, it is decomposed into acetic acid, oxalic

acid, and carbon dioxide. The salts of silver, gold, &c., are reduced

to the metallic state by pyrogallic acid.

By the action of acetyl chloride on pyrogallol, triacetyl-iiyrogallol

C,.11.5(0. C2ll;{0)2 is obtained, a white crystalline solid
;
and by acting

on pyrogallol with bromine, it yields trihromopyrogallot CgBr3(OH)3,

separating from alcohol in large colourless crystals.

Vkloroglucin C^ldgS Oil is produced by fusing phloretin, quercitrin,

by the same reaction from kino, dragon’s-blood, gamboge, &c. It

crystallizes from an aqueous solution in large rhombic prisms, con-

taining two molecules of water, and possessing a sweet taste. The
anhydrous compound melts at 220°, and sublimes, when heated more
strongly. It forms deliquescent salts with alkalis, and reduces alka-

line co]3per-solutions. Ferric chloride inij)arts to its aqueous solution

a deep- violet colour. By treating it with acetyl chloride, it is con-

verted into triacetijl-phloroglucin C(.ll3(0.C2ll30)3, which crystallizes

in small prisms. By adding bromine-water to an aqueous solution of

phloroglucin, a precipitate of trihromopliloroglucin C(.Br3(OH)3 is

produced, which crystallizes in long needles. By tlie action of dilute

nitric acid, it is converted into nitroplilorogluc.in Cgll2.N02(011)3,

crystallizing in small reddish-yellow plates. "When phloroglucin is

dissolved in ammonia, or amidophloroglncin CpH,(Nll2)-

(011)2 is formed, which is not freely soluble in alcohol, and crystal-

lizes in small thin plates, resembling mica
;
it is a base, forming crys-

talline salts.

Filicic Acid, or Dihutyryl-jAilorogl'ucin Cgllgd OC^ILO, occurs in

the root of the male fern {Aspidium Filix-mas), and is deposited

from the etherial extract of this root in crystals. On fusing it with

caustic potash, it is resolved into butyric acid and phloroglucin.

from benzene in long colourless prisms, melting at 120°. A small

fpumtity may be sublimed by heating it carefully; but on heating a

Jai'uer quantity to above 300°, deconqiosition sets in
;
and benzene,

di])henyl, carbonaceous matter, and free mercury are formed. By the

Oil

OH
or maclurin (see Glucosides) with caustic potash

;
and is also obtained

METALTJC DKKIVATIVES OF BENZENE.

CM! )
• llg is formed by the action of sodium
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action of acids, it is decomposed into benzene and a mercuric salt

;

and when it is heated with iodine, according to the proportion of tlie

two bodies present, either iodobenzene and flienyhiicrcuric iodide,

sodium upon a mixture of bromobenzene and triethyl-stannic iodide.

It is a colourless, strongly refractive liquid, boiling at 254°
;

its vapour
slowly absorbs oxygen. By the action of iodine, it is resolved into

iodobenzene and tiiethyl-stannic iodide.

Benzene Hexachloride C^-HgClg is obtained, by the action of chlorine

on benzene, in the sunshine or at the boiling-point, in colourless

crystals, melting at 157°, and boiling, with partial decomposition, at

288°. On heating it with alkalis, it is resolved into hydrochloric
acid and trichlorobenzene.

A similar compound is Benzene Hexabromide CgHgBi’g.

Benzene Triclilorhydrin CglI,
5
(Cl

3
)(OH )3 is formed by shaking

benzene with aqueous hydrochlorous acid. It is slightly soluble in

water, and freely in alcohol and benzene, and crystallizes at a low
temperature in small plates, melting at 10°. By the action of a dilute

solution of sodium carbonate, an amorphous deliquescent mass called

j)hcnose CgHg(OH)g is obtained, which, as well as the trichlorhydrin,

yields, when heated with hydriodic acid, moniodobenzolene CgHj^I, a
heavy, colourless liquid, which boils without decomposition.

Trichlorojdienomialie Acid CgHgCl305 is produced, together with
oxalic acid, chlorinated benzenes, and quinones, &c., by the action of
moderately strong sulphuric acid and potassium chlorate on benzene.
It crystallizes from a warm, aqueous solution in colourless plates.

By boiling it with alkalis, it is decomposed with the formation of

funiaric acid.

COMPOUNDS WITH SEVEN ATOMS OF CARBON.

METHYL-BENZENE OK TOLUENE CgHg.CHg.

This hydrocarbon is found in the light oils from coal-tar and wood-
tar, and also among the products of dry distillation of balsam of

tolu, dragon’s-blood, and other resins. It has been formed synthetically

by adding sodium to a mixture of bromobenzene, methyl iodide, and
pure anhydrous ether, and kee]»ing the mixture cold. As soon as the

ADDITIVE COMPOUNDS OF BENZENE.
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action is over, tlie product is distilled, and the toluene isolated by
fractional distillation. Pure toluene is also produced by distilling

the isomeric acids CQlI^(CId
3)C02 lf, and similar acids, with lime.

Toluene is a limpid liquid, boiling at 111°, and smelling like

benzene. It has the specific gravity 0 88 at 0°, and does not solidify

at — 20°. On oxidation it yields benzoic acid.

SUBSTITUTION-PRODUCTS OF TOLUENE.

When chlorine is passed into toluene, and the liquid is kept cold

during the action, or when chlorine acts on the hydrocarbon in the

presence of iodine, only the hydrogen in the aromatic nucleus is

replaced, whilst the action of pure chlorine on the boiling hydrocarbon
produces only substitution in the methyl-group.

The chlorine in these latter compounds is easily replaceable by
other elements or radicals, whilst the substitution-products contain-

ing the chlorine in the aromatic nucleus are as stable bodies as

the chlorobenzenes.

By treating any of the products thus obtained with chlorine and
iodine, further substitution takes place only in the aromatic group :

but by acting on the boiling compounds with pure chlorine, only tlu'

hydrogen of the methyl is replaced.

By means of these reactions the following substitution-products

have been obtained, to which are added some isomerides, which have
been formed by other reactions, and stand in the second or third line.

The numbers afiixed to these compounds indicate the position of the

chlorine (see page 314).
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.co

O
P-,

v®co

o

. ff CO

o sq
§jq °

r-

i> «o
^ a
oq lo lo
-aC> ^ ^
20
o

CO

o
g^co^ q

2^°~oCQ C5

O «t-H

an q
03 CO

2 O’q ^ !

Oji^o
4^ CO
S O CO) b-
O INOJ

03

P3 CO

sq
-30

„-f-» . O

g _r»-i 0-1

o o ^
iq'^
« ^^o

03

03

:o
>«r

QC

30
03 zo

-20
q
C3

Ph

d _d
’o ‘o ‘o

1

Ph
tc fco to

.9
rP • r-H

'o ‘o
• i-H

oq q pq

q q
d *-H

a. q q p

sU
1

.*

§ S
(P q •s Sp, q

S"s to
i“,2*—' • 1—<

* ^ ^ . ^ ^
’o 2q q o 3q q r. ~ ^CH



318 THE CHEMISTRY OF

IMore than seven atoms of chlorine cannot he introduced into

toluene, as, hy the further action of chlorine upon the last substitu-

tion-products, the molecule is decomposed with the formation of

hex achlorobenzene.
1’4 Monochlorotohienc is formed hy the direct action of chlorine

upon toluene, and the isomeric 1’3 compound has been obtained from
toluidine, which is first converted into acetoluide, and the latter treated

by chlorine. The chlorinated compound yields, on boiling with
alkalis, monochlortoluidine, which is converted into a diazo-compound
and the latter decomposed by absolute alcohol :

—

jj
-f C,IT,,011 = C,H,C1.CH3 -p N., -f- II

3
SO, + C,11,0

When bromine-vapour is passed into boiling toluene, substitution

takes place only in the methyl group, and the first pjroduct formed is

benzyl bromide Cgllg.CHgCl, but by acting with bromine on toluene in

the cold two isomeric bromotoluenes are produced.
1'4 Bromotoluene. forms rhombic, colourless crystals, melting at

2 8' 5°, and boiling at 181“.

1‘3 Bromotoluene is a liquid which does not crystallize at a low
temperature, and boils at 181°.

By the further action of bromine on toluene in the cold, dihromo-

toluene C(.Il
3
Br

2
.CH

3
is obtained, a crystalline solid, melting at 180°,

and boiling at 245°.

Iodine substitution-products of toluene have been obtained from
the three isomeric amidotoluenes by converting them into diazo-coni-

pounds, and decomposing the latter with hydriodic acid.

1'2 lodotoluene and 1'3 lodotoluene are liquids, both boiling at

204°, whilst 1'4 lodotoluene crystallizes in shining, thin plates,

melting at 35°, and boiling at 211°’5.

t'cH
CII

3

N,.SO

NITilO-SUBSTITUTION-PRODUCTS.

Nitrotoluenes G(,TI^(N02)Cll3.—By dissolving toluene in fuming
nitric acid, and adding water to the solution, a heavy oily liquid,

resembling nitrobenzene, is obtained, wliich is a mixture of two
isomerides

;
they may be separated by continued fractional distillation.

1’4 Nitrotoluene crystallizes in colourless prisms, melting at 54°,

and boiling at 237°. By oxidizing it with dilute nitric acid, it is

converted into paranitrobenzoic acid.

1’2 Nitrotoluene is a liquid which does not solidify in a freezing

mixture, and boils at 223°
;
boiling dilute nitric acid lias hardly any

action on it.

B3 Nitrotoluene has been produced by converting 14 amido-

toluene into a nitro-amidotoluene, which was transformed into a

diazo-compound, and the lalter dccomj oscd by alcohol. It forms
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colourless crystals, melting at 1G°, and boiling at 227^ Dilute nitric

acid oxidizes it to common nitrobenzoic acid.

Binitrotoluene CgH3(NO.^)20H3 exists in two forms. One of them
is produced by the action of hot concentrated nitric acid on toluene,

1'4 nitrotoluene, or 1’2 nitrotoluene. It crystallizes from alcohol

in long, colourless, brittle needles, melting at 71“ The second form
is obtained by the action of concentrated nitric acid on 1'3 nitro-

toluene
;

it forms long, yellow needles, melting at 60°.

'Trinitrotoluene CgH.
2
(N02) 3

Cll
3

is formed by boiling toluene for

some days with a mixture of fuming sulphuric and nitric acids. It

is sparingly soluble in alcohol, and forms long needles at 82° By
treating 1‘3 nitrotoluene in the same way, another trinitrotoluene is

obtained, crystallizing as carbon sulphide in small plates, melting at

about 82°.

AMIDOTOLUENES.

( CH
Toluidine or 1‘4 Amidotohiene Cgll^ -I is formed by the reducT

tion of the corresponding nitrotoluene, and has also been produced
from methyl-aniline

;
by heating the hydrochloride of the latter base

to 335° (the melting-point of lead), it undergoes a molecular change,

and is converted into toluidine hydrochloride. It crystallizes from
aqueous alcohol in large transparent, shining plates, melting at 45°,

and boiling at 202°. It possesses a peculiar odour, and is sparingly

soluble in water
;

its aqueous su-lution is coloured brown by a solution

of bleaching-powder. Toluidine has in its reactions the greatest re-

semblance to aniline, and forms salts, most of which crystallize well.

The most characteristic is the oxalate, which is but sparingly soluble

in water and alcohol, and insoluble in ether.

Fseudotohoidine or T2 Amidotohiene is formed by the reduction of

the corresponding nitrotoluene. It is a colourless liquid, remaining
fluid at — 20°, and boiling at 198°. Its aqueous solution is coloured

blue by bleaching-powder, and its oxalate is freely soluble in water,

alcohol, and ether.

The commercial toluidine and heavy aniline are mixtures of the

two toluidines and aniline. To separate the three bases, they are

converted into oxalates, which are crystallized from hot water.

Toluidine oxalate, which crystallizes first, is purified by recrystal-

lization, and decomposed by soda-solution. The mother-liquor is

evaporated to dryness, the residue exhausted with ether, the etherial

solution evaporated, and the residue treated with soda-solution
;
and

thus pure pseudotoluidine is obtained.

rseudotoluidine has also been produced from 1'4 bromotoluene,

which, by the action of concentrated nitric acid, yields two isomeric

nitrobromotoluenes
;

one being a liquid, is present in a smaller

quantity than the solid one. By reducing the latter, an amidobromo-
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toluene is formed, whicli, by the action of water and sodium-amalgam,
is converted into pseudotoluidine.

1'3 Amidotolucne is produced by reducing 1.‘3 nitrotoluene
;

it is

a liquid boiling at 197°, and giving, witli bleaching-powder solution, a

blue colour, like pseudotoluidine.

( CIIThe three amidotoluenes vield three acetoluides C„H, \ nn" ®
^

(
l\ll.CO.(Jil3

dilTering from each otlier by their solubilities in water :

—

1,000 parts of water dissolve at 22°' 0'89 parts of 1-4 5

19 8 G „
^

14 4-4

1-3 tAcetoluide.

1-2 j

f Nil r •

Nitro-amidotolucne 0(5113.0113-1 —This compound exists in

four modifications. The first is obtained by reducing the dinitro-

toluene, melting at 71° with ammonium sulpliide; it iiielts at 77°'5,

and forms crystalline salts. By converting it into a diazo-compound,
and decomposing this with absolute alcohol, 1‘2 nitrotoluene is formed.

The three other modifications have been prepared by nitrating the

three isomeric acetoluides, and decomposing the product with alkalis.

1'4 toluidine yields a nitrotoluidine, melting at 114°; it does not

combine with acids, and its diazo-compound yields 1’3 nitrotoluene.

The nitrotoluidine from 1‘2 toluidine forms yellow needle.s, melting at

1 28°, and is but a feeble base
;
by the action of nitrous acid and

alcohol it is converted into 1%3 nitrotoluene. The fourth modifica-

tion of nitro-amidotoluene is obtained from 1'3 toluidine
;

it crystal-

lizes in dark-yellow needles, melting at 134°, and forms unstable

salts
;

its diazo-compound is readily converted into 1‘2 nitrotoluene.

The constitution of these four nitrotoluidines is shown by the

following formula? :

—

Melting-point 77°'5

GH3
/\ NO,

\/
Nil,

114° 12S° 134'

CH 3
Cl [3 CH

/\ Nil .

2

/\

\/ \/ \/
Nil,

DIAMIDOTOLUENE.S C,;l la-ClIg
JNII,

I NIC

We know three compounds having this composition. 2 4 diamido-

iolvene is obtained by reducing the dinitrotoluene, melting at 71°

with tin, and hydrochloric acid. It forms long, colourless needles,

melting at 99°, and boiling at 280°. 3 4 diamidotuluciie is formed

by reilucing the nitrotoluidine, melting at 114°; it crystallizes in

scales, melting at 8o°'o, and boiling at 205°. Nitrotoluidine, melting
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at 128° yields 2'3 diamidotoluene, a crystalline body, melting at about

80°, and boiling at 270°
;

it readily absorbs oxygen, and assumes a

blue colour.
, , . , .

•
-i. i. i

By the action of ammonium sulphide on trinitrotoluene^^ hvo

amido-compounds are formed; diniiToct7]iidotolueneCQ\^2^^"^3) NHg

which crystallizes in small yellow needles, melting at 108, and

mtrodiamidotolucne C,H,(CH3) I Jl®} , ,
small rdd iJi'isms melting

u 1:12‘

OXYTOLUENES.

Cresol CJI I .—The cresol contained in coal-tar consists chiefly

of faracresol or 1'4 ci'esol.

The pure compound is most conveniently prepared by converting

solid toluidine into diazotoluene sulphate, and decomposing the

latter with water. It crystallizes in white needles, melting at 35°’5,

boiling at 200°, and smelling like phenol. The same compound is

also obtained by fusing 14 toluenesulphonic acid with caustic potash
;

this sulpho-acid is formed together with the 1‘2 acid by dissolving

toluene in sulphuric acid.

r CH
Cresol-methyl Ether

I OCH3
is obtained by heating the potas-

sium compound of 14 cresol with methyl iodide. It is a liquid

possessing an aromatic odour, and boiling at 174°.

Metacresol, or 1'2 ci'esol, is produced by the action of caustic potash

upon 1-2 toluenesulphonic acid. It is a liquid boiling at 190°.

Orthocresol, or 1‘3 Cresol, has been obtained from thymol

( OH
CgHgK CII3, a compound to be described afterwards. By heating it

(C3H,
with phosphorus pentoxide it is resolved into propylene, and ortho-

cresol, a colourless liquid, boiling at about 200°.

Dinitrocresol CgH2(NO)2
1

is produced by the action of nitrous

acid upon solid toluidine
;

it forms yellow crystals, melting at 84°.

An isomeric compound is contained in the so-called “Victoria-

yellow,” or “ aniline-orange.” This colouring matter, of unknown
origin, consists principally of the sodium salt of a dinitrocresol, which
crystallizes in pale-yellow needles, melting at 190°.

Trinitroeresol C(.H
2
(iS[03 )30H has great resemblance to picric acid,

but is much less soluble in water, and may therefore easily be obtained

in the pure state by boiling commercial cresol (containing phenol)

with nitric acid.
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DIOXYTOLUENES.

Homojiyrocatcchin and Creosote .—The genuine or wood-tar creosote is

obtained from tlie products of dry distillation of beech-wood, and is a

mixture containing phenol, cresol, phlorol 0^113(0113)2011, guaiacol

(page 342), and crcosol 03113(0113)
|

• Oreosol is a licpiid boiling

at 219°, and possessing an aromatic odour; by heating it \vith con-

centrated hydriodic acid, it yields methyl iodide, and homopyrocatechin

c„il(ch3) I
OH’

forms a syrupy liquid.

f
OH

Orcin 0gH3(01l3) —All the lichens (species of Ilocella and

Lcccmora) which are used in the preparation of archil and litmus

contain either free orcin, or certain acids, and compound ethers, which,

under the induence of heat or alkalis, yield orcin :

—

Oi'sellinic Acid.

C,U.,{CU,mi),CO^l = 03H3(0Il3)(0H)2 + OO2

Erythriii.

C3lT2(0H3)(0H).,00.0
C6H2(OH3)(OH);00.0

Orselliiiic Acid. Erythrite.

2C„TT3(Cll3)(OII)3CO.H +

j
C,H„(0H)3 + 2II3O =

Picroerytlirite.

I
Q ^ C„H3(Cir3)(OH)3CO,,lI + CJI„(OH),

To prepare orcin, the lichens are macerated with milk of lime, and
the filtrate precipitated with hydrochloric acid. The precipitate, after

being washed with water, is boiled with milk of lime in a flask

provided with a long neck, and the liquid, after filtration, freed from

the lime by carbon dioxide. The solution is then evaporated to

dryness, and the residue exhausted with benzene, which dissolves

orcin, and leaves impure erythrite behind.

Orcin has also been ]n’oduced by dissolving monochlorotoluene in

warm concentrated sidphuric acid, and converting the two isomeric

sulphonic acids, which thus are formed, into the barium salts, which

are easily separated by re-crystallization, one being readily soluble in

water, and the other not. On converting the latter into potassium salt,

and fusing this with potash, orcin is formed :

—

CcTIsCCig
fCl

I S03K
+ 2K0H = 03113(0113)

I ^\[ -t KOI -}- K2SO3

Orcin is also produced together with para-oxybenzoic acid, when
aloes is fused with caustic potash.

Orcin crystallizes from water in monoclinic prisms containing one
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molecule of water, and melting at 58°. The anhydrous compound
melts at 86°, and boils at 290° It has an intense sweet, but nau-

seous taste, and dissolves in water, alcohol, ether, and chloroform
;

its aqueous solution gives with ferric chloride a deep violet colour.

Orcin forms readily metallic compounds, and decomposes, in the

fused state, sodium carbonate. On passing the vapour of nitric acid

containing nitrous acid over it, it assumes first a brown colour, and
afterwards becomes intense red; the product thus formed dyes on
wool and silk a fine red shade. With a solution of bleaching-powder
it gives a violet colour, which soon disappears

;
its alkaline solutions

absorb readily oxygen, and become brown or red.

Orcin combines also with dry ammonia forming a deliquescent

compound, which, when exposed to the air, is converted into orcein

C,H,N03

-b NHg -f- 0.2 = C7H7NO3 + 2H
2
O

Orcein is an amorphous red powder, which is sparingly soluble in

water, and more freely in alcohol with a scarlet colour. In alkalis it

dissolves with a purple colour
;
this solution is precipitated by many

metallic salts, red or purple lakes being formed.

Orcein is the colouring-matter of Archil, which is prepared l)y

treating the lichens with hot aqueous ammonia in presence of air.

The same lichens are used for preparing Litmus, which is generally

obtained from Lecanora tartarea by steeping it in urine, and adding
lime and potassium carbonate. The mixture is exposed to the air,

and frequently stirred up
;

after a few weeks, a blue solution is

formed, which is thickened with chalk or gypsum, and formed in

small cakes.

The colouring-matter of litmus is probably a product of oxidation

of orcein
;

it has been obtained pure by adding soda-crystals to an
ammoniacal solution of orcein, and exposing the liquid to the air at a

temperature of 60° to 80°. On adding hydrochloric acid to the blue

solution, the colouring-matter is precipitated in red flakes; it is not
freely soluble in water, forming a pale-red solution, which becomes
blue by adding an alkali. Litmus contains, therefore, a weak acid,

forming salts having a blue colour
;
the commercial product contains

the potassium salt.

Trichlorotoluquinone CgClg is obtained by treating cresol

from coal-tar with dilute hydrochloric acid and potassium chlorate.

It is sparingly soluble in cold and freely in hot alcohol, and crystallizes

in pale-yellow scales. Sulphurous acid converts it into triclilorotolu-

hydroquinone CgCl3(CHg)(OH)2, forming small white needles, which by
oxidation are readily reconverted into the quinone.

C A A



354 THE CHEMISTRY OF

BENZYL COMPOUNDS.

Tlie radical Benzyl is contained in a series of compounds wliicli in

many reactions exhibit the closest analogy with the compounds of the

monad alcohol-radicals. They differ, however, from the latter by con-

taining the aromatic nucleus, and forming, therefore, also products of

substitution, corresponding to the derivatives of benzene.

Benzyl Chloride C7H5.CIT2CI is easily obtained by passing the

required quantity of chlorine into boiling toluene, and purifying ’the

product by fractional distillation. It is a limpid, refractive liquid,

boiling at 170°.

Benzyl Bromide Cy f^-CII^Hr is produced by the action of bromine
on boiling toluene. It boils at 199°, and possesses an irritating

odour.

Benzyl Iodide Cgllg.CHy.—To prepare this compound, one part of

benzyl chloride is mixed with five parts of concentrated hydriodic

acid, and the mixture kept in the dark for three weeks, and frequently

shaken. Pure benzyl iodide is a white crystalline solid, melting at

24°
;

it cannot be distilled, and decomposes at 240°. Its odour is very

irritating, and produces a copious flow of tears.

Benzyl Aleohol CgH5.CH20H was first produced by treating its

aldehyde (oil of bitter almonds) with alcoholic potash, which acts

violently upon it, half of the aldehyde being reduced to the alcohol,

and the other half oxidized to benzoic acid :

—

2C0H5.COH -p KOH = 0^.H3.C1I.2.0H + Cyi5.CO.OK

Benzyl alcohol is also formed by acting with nascent hydrogen on

the aldehyde or benzoic acid, and may be prepared by adding sodium
amalgam gradually to a boiling solution of benzoic acid. It has also

been produced by decomposing the acetate with caustic potash.

Benzyl alcohol is a liquid boiling at 207°, and possessing an
aromatic odour. Oxidizing agents convert it into benzaldehyde and
benzoic acid, and the Iqydracids of the chlorine-group transform it

into the corresponding haloid-ethers. On distillation with concentrated

potash-solution, it yields toluene and benzoic acid :

—

2Cyi5.ClI.2.0II = Cyi^.CHg q- Cy45.CO.OH

Dihenzyl Ether
[
0 has been prepared by heating the

alcohol with fused boron trioxide : it is an oily liquid, boiliucr

above 300°.

Benzyl Acetate
j |

4^ is readily produced by heating the

chloride or bromide with potassium or silver acetate, or by the action

of sulphuric acid on a mixture of acetic acid and benzyl alcohol. It

is an oilv liquid, which ]iossesses an agreeable odour, and boils

at 2I0°.
“
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Benzyl Hydrosuljphide, or Benzyl Mercaptan, Cgllg.Cllg.Sll, is a

colourless strongly refractive liquid, which is formed by acting with

alcoholic potassium hydrosulphide on benzyl chloride. It possesses

a strong alliaceous odour, and boils at 195°. With mercuric oxide it

forms the crystalline mercaptide (CgH
5
.CH

2
S)

2
llg.

with an alcoholic solution of potassium sulphide. It crystallizes in

white needles, melting at 49°, and decomposing at a higher tempera-
ture. Nitric acid oxidizes it to leyizyl sidplwxide (CgHg.CH

2 ) 2
Sb).

sulphide to the air; it crystallizes in colourless scales. Nascent
hydrogen converts it again into the mercaptan.

These bases are formed by heating benzyl chloride with alcoholic

ammonia. The hydrochlorides thus obtained can be easily separated
;

that of benzylamine being freely soluble in water, whilst the salt of

the diamine is but sparingly soluble in cold, but readily in hot water,

and that of the triamine almost insoluble.

Benzylamine CgHg.CH
2
.NH

2
is a colourless, strongly alkaline liquid

boiling at 185°. It is soluble in water, absorbs carbon dioxide from
the air, and neutralizes acids, forming crystalline salt. The pure

compound is also readily obtained by heating benzyl chloride with

silver cyanate, and distilling the product with potash.

Dihenzylamine (CgHg.CH
2) 2
NH is a thick oily liquid, which is

insoluble in water, and distils at a high temperature without decom-
position.

Trihenzylamine (CgIIg.CH
2)3
N forms colourless needles, which are

insoluble in water, but dissolve in hot alcohol. It melts at 91°, and
boils above 300°. On heating it in a current of gaseous hydrochloric

acid, it is resolved into benzyl chloride, and dihenzylamine hydro-

chloride.

benzyl cyanate, is obtained by distilling the chloride with silver cyanate.

It is a colourless liquid, boiling at 200'’-'. It is easily transformed by
heat into the polymeric benzyl isocyanurate (CgHg.Cll

2) 3
(CON)

3 ,
which

compound, therefore, is the chief product of the above reaction
;

it

ci'vstallizes from alcohol in verv light, silkv needles, melting at 157”

and boiling at 320°.

S is formed by treating the chloride

is formed by e.xposing the hydro-

NITROGEN BASES OF BENZYL.

A A 2
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f "V ^ 1 T"

C0-|
-jj- qjj

^

produced by acting on the

cy.'uiate Avitli alcoholic ammonia. It forms M’hite needles, melting at

144°. It does not combine with nitric acid, but yields with hydro-

chloric acid and platinum chloride an insoluble precipitate.

Dihcnzyl-Urea CO I SI! is formed, together with carbon
I

JN 11 11 2)

dioxide, by heating the isocyan urate with water in sealed tubes, or

by heating benzyl-urea :

—

9(g) f ^ ^ h,

(
NII.Cyig.CH;H,)

-
( NII(C„H,.CH,) + 1 Nil,

It crystallizes from alcohol in wdiite needles, melting at 16< .

O If Off I
Iknzyl Sidpliocarhimidc, or Benzyl Mustard-oil

|
N. When

benzylamine is dissolved in carbon disulphide, it combines with it,

forming hcnzyl-sulphocarhamic acid ; on heating this compound with
alcohol and mercuric chloride, it yields benzyl rnustard-oil :

—

i SH ^ + iigCi, = n| + 2 nci

It is a crystalline solid, melting at 243°, and smelling like water-

f C II CIl
cress. This compound is isomeric with /o/y N -’ A ^

(
L/O

which has been obtained by an analogous reaction from solid toluidine.

Tolyl mustard-oil forms large pointed prisms, melting at 26°, boiling

at 237°, and smelling like the oil of anise -seed.

PHOSPHOKUS P.VSK.S OF P>KNZYL.

Tlui mono]dios]diine and di])hosphine are formed together by
heating benzyl chloride with idiosphonium iodide and zinc oxide to

160°. The two compounds are separated, like the corresponding
methyl bases (see ]>age 96).

BcnzylphosjiJiine Cgllg.ClC.NlC is a colourless, very refractive liquid,

boiling at 180°, ami ])Ossessing a veryj^eculiar and persistent odour.

When exposed to the air, it absorbs nxygen so rapidly, that the
tcm peratui'e rises to above 1 00°, an<^thimc white fumes are formed,

'fhe hydriodide crystallizes in long white needles, and is readily

decomposed by water.

Bihenzylphosphinc (C,;lIg.CII.2).2Nl[ ciystallizes from hot alcohol in

glistening, stellate needh>.s, having neither taste nor smell.
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SUBSTITUTED BENZYL COMPOUNDS.

Chlorobenzyl Alcohol C(jI-l4Cl.CH2.0H.—To prepare tins compound,
silver acetate is heated with chlorobenzyl chloride (see page 347), and
the acetate thus formed acted upon by ammonia. The alcohol forms

long needles, melting at 66°
;
oxidizing agents convert it into chloro-

dracylic or 14 chlorobenzoic acid.

Dichlorohenzyl Alcohol C(jH3Cl2.Cir2.0n has been obtained from

dichlorobenzyl chloride
;

it crystallizes in needles melting at 77°.

Nitrobcnzyl Alcohol CgH^(N02)CH2.0II is produced together with

nitrobenzoic acid by acting with alcoholic potash on nitrobenzaldehyde.

It is a thich, oily licpiid, which is decomposed by heat.

Paranitrohcnzyl Alcohol is prepared by dissolving benzyl acetate in

fuming nitric acid, and heating the nitro-compound with ammonia.
It crystallizes from hot water in colourless needles, melting at 93°,

and yields on oxidation paranitrohenzoic acid.

Nitrohenzyl Hydrosulphide CgH^(ISr02)CII.2.SH.—This mercaptan is

obtained by treating nitrobenzyl chloride with alcoholic ammonium
sulphide, or boiling potassium hydrosulphide. It crystallizes from
alcohol in small glistening plates, melting at 140°.

BENZOYL COMPOUNDS.

Benzonitrile CgHj.CjN".—This compound has been produced by dif-

ferent reactions :

—

(1.) By distilling a mixture of potassium cyanide and potassium

benzenesulphonate :

—

CCH5.SO3K + KCN = C,II,.CN + SO3K2

(2.) By heating ammonium benzoate CqH^.CO.ONH^, or benzamide
Cgll5.CO.NH.2, with phosphorus pentoxide.

(3.) By heating the isomeric phenyl carbamine or cyanobenzene for

three hours to 220° :

—

CJB.NC = C,H,.CN

It is therefore also formed when phenyl mustard-oil is heated with

finely-divided copper ;

—

CS }
^ + CJI,.CN

and further, it is obtained by distilling formanilide with strong hydi o-

chloric acid :

—

I
= C„Tt,.CN + H,(

)
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in these two last reactions the carbaniine is first formed, but under
tlie inti lienee of heat converted into the more stable nitrile.

Benzonitrile is a colourless, oily, and refractive liquid, boiling at

191°, and smelling like bitter almonds. On heating it with alcoholic

])otash, it yields ammonia and potassium benzoate, and nascent

hydrogen converts it into benzylamine :

—

CJ1,.CN + 211, = C,H,.CH,.XH,

Nitrohenzonitrile CgH
4
(N’0,)CX is obtained by dissolving the nitrile

in fuming nitric acid. It crystallizes in white needles; reducing

agents convert it into amidohenzonitrile CqH^(N 1I
2
)CN, crystallizing

in long prisms, melting at 52°, and lioiling at 290°. This base forms

(uystalline salts
;
by heating it with strong hydrochloric acid, it yields

ammonium chloride and amidobenzoic acid.

Benzaldehyde CjjH^.COH is the chief constituent of oil of bitter

almonds. This oil does not exist in the free state in these seeds, but

as glucoside called amygdalin, which, under the influence of a ferment,

is resolved into benzaldehyde, prussic acid, and glucose (see Gluco-

sides). Benzaldehyde is also formed by oxidizing benzyl alcohol, and
by distilling a mixture of calcium benzoate and formate :

—

CeH^.CO.OH + CHO.OH = CelIg.COlI + CO., + H,0

Another reaction by which this aldehyde is produced consists in

passing the vapour of benzoic acid over heated zinc-dust :

—

CeHg.CO.OH + Zn = CgHs.COH + ZnO

To obtain the pure aldehyde from oil of bitter almonds, it is shaken
with a cold saturated solution of acid sodium sulphite

;
the compound

Cgllg.CH
I

being formed, which separates out in crystals.

After being washed with cold alcohol, to remove prussic acid, the

compound is decomposed by distilling it with a solution of sodium
carbonate.

Ihire benzaldehyde is a limpid and very refractive liquid, possessing

a very cliaracteristic smell, and boiling at 180°. It readily absorbs

oxygen, being converted into benzoic acid
;

tliis oxidation takes place

quickly by heating it with dilute nitric acid, whilst fuming nitric acid

i'orms nitrohcnzaldehyde Cgll
4
(N02)C01 I, a crystalline solid, which

volatilizes on heatiim.O
When benzaldeliyde is distilled with phosphorus pentachloride, it

yields benzyUnc, dichloride C(,ll5.CnCl.,, a colourless liquid boiling at

215°. The same compound is produced by the further action of

chlorine on boiling benzyl chloride. It may be reconverted into the

aldehyde by heating it with caustic potash or mercuric oxide :

—

C,H,.CHC1, + IlgO = C,,H,.C1I0 + IlgCl,
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By means of these reactions, artificial oil of bitter almonds is now
manufactured from toluene.

Sulphobenzaldehyde CgHg.CHS forms colourless crystals melting at

70°; it is prepared by heating henzylene dichloride with an alcoholic

solution of potassium sulphide.

CgHg.CHj^
Hydrobenzamide, or Benzylcnediamine CgHg.CH „ ,

is produced by
CgHg.CH

(

^
leaving benzaldehyde or its chloride in contact with aqueous ammonia

;

it crystallizes in octahedrons, and is resolved by boiling water into

benzaldehyde and ammonia.
Amarine C2iH^gN2.—This isomeride of hydrobenzamide is obtained

by the action of heat on the latter compound, and is also produced by
passing ammonia into an alcoliolic solution of benzaldehyde. Amarine
crystallizes in glittering prisms melting at 100°; it has poisonous

properties, and is a base forming sparingly soluble salts.

Lophine C2iH^gISr2 is formed by distilling hydrobenzamide or ama-
rine

;
it is a base, crystallizing in long needles, melting at 270 °.

When potassium cyanide is added to an alcoholic solution of benz-

aldehyde, or crude oil of bitter almonds (containing prussic acid) is

mixed with alcoholic potash, the aldehyde is converted into benzoin

^14^12^2' ^ compound which is a derivative of the radical stilbcne

0\^Hi 2, and will be described afterwards.

BENZOIC ACID, OR PHENYLEORMIC ACID CgHg.CO.OH.

This acid occurs in gum Benzoin (from Styrax benzoin), and is some-

times found in the urine of herbivora, which always contains hippuric

or benzamidacetic acid. Benzoic also exists as glucoside, called

populin, in the bark and leaves of the aspen. It has been produced

artificially by several reactions.

(
1 .) All aromatic hydrocarbons containing only one alcohol-radical

are converted by oxidation with dilute nitric acid or chromic acid into

benzoic acid. It is also formed by oxidizing benzyl alcohol, benzalde-

hyde,phenylacetic acid CgHg.CHg.COgll, cinnamic acid CgH5.C2ll2-C02lI

and similar acids, and occurs among the products of oxidation of

albuminous substances.

( 2 .) Sodium benzoate is formed by passing carbon dioxide into a

mixture of bromobenzene and sodium ;

—

CgHg.Br + CO2 + Na2 = CgHg.CO.2Xa + XaBr
I

(3 .) By treating the same mixture with ethyl chlorocarbonate, it

yields ethyl benzoate :

—

CgH-Br + CO
I

+ Xa2 = CgIIg.CO.OC.2Hg + XaBr + XaCl
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(4.) When tlie sodium salts of formic acid and henzenesulphonic

acid are fused together, sodium benzoate is formed :

—

C.Hs.SOgXa + CHOgNa = HXaSOg + CeHg.COgNa

lleuzoic acid is also produced, together with phthalic acid

C,.M^(C02H) 2 ,
formic acid, and other products, by treating benzene

with manganese dioxide and dilute sulphuric acid. If some formic

acid be previously added to the benzene, the yield of benzoic acid is

increased
^
and from this it appears that benzoic acid is produced by

the simultaneous oxidation of benzene and formic acid :

—

+ CI-I
2
O

2 + 0 = C,H,.C0.2H + H2
O

Benzoic acid is obtained from gum benzoin by carefully heating

the coarsely-powdered resin in a shallow iron pan, over which a sheet

of paper pierced with a number of pin-holes is stretched, and tlie

whole is then covered with a cap of stiff paper. The vapour of the

. acid condenses in the cap in light, feathery crystals, possessing tlie

fragrant odour of the gum, which is due to a small quantity of a

volatile oil. A more productive method consists in boiling tlie resin

with milk of lime, concentrating the filtrate, and precipitating the acid

by hydrochloric acid.

Benzoic acid, being used in the manufacture of aniline colours, is

now prepared in quantity from naphthalene CjoHg, a hydrocarbon
occurring in the heavy coal-tar oil. It is first oxidized to phthalic

acid CgH^(C02lI) 2 ,
and the calcium salt of this acid is mixed with

slaked lime, and heated for several hours to 300°—350° :

—

2C6lI,(C02)2Ca -f- Ca(OH)2 = (C6ll5.C02)2Ca + 2CaCo3

Phthalic acid may also be converted into benzoic acid by distil-

ling its ammonium salt, which is thus converted into inliilialimide

C6ll4(C02)NH. On distilling this body with lime, it yields benzo-

nitrile :

—

C
6
lI,(CO)

2
NII -H CaO = CJI^.CN + CaCOg

The nitrile is boiled with caustic soda, and the sodium salt decomposed
by hydrochloric acid.

Benzoic acid is also obtained from urine of cows and horses, as wfill

be described under llippuric Acid.

Benzoic acid crystallizes from a hot aqueous solution in large, thin,

flexible, and brilliant needles or plates, melting at 120°. It boils at

250°, but sublimes readily at a much lower temperature, and vola-

tilizes by boiling its solution. It is only sparingly soluble in cold

water, but readily in boiling water and in alcohol. It has a peculiar

aromatic odour, which, on heating the acid, becomes irritating, and
produces coughing.
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It is very characteristic of this acid that the presence of mere

traces of certain impurities prevents the crystallization and louvers

the melting-point. Thus, on oxidizing toluene with dilute nitric acid,

a benzoic acid is obtained containing nitrohenzoic acid. By distilling

it with steam, the latter acid is almost entirely left behind
;
only a

trace, so small that it cannot be detected by combustion-analysis, is

carried over
;
yet the benzoic acid can, even by repeated recrystalliza-

tion, only be obtained in warty crusts or flakes. But on heating it

with tin and hydrochloric acid, the nitro-acid is converted into amido-

benzoic acid, which on cooling remains in solution, whilst pure

benzoic acid crystallizes in the characteristic needles. Before these

facts were known, it was believed that several isomeric benzoic acids

existed.

Most benzoates are soluble in water; the neutral solutions give

with ferric chloride a reddish precipitate of ferric benzoate. This re-

action is made use of for the separation of iron from manganese, and
for the detection of benzoic acid.

Silver benzoate is very sparingly soluble in cold water, and crystal-

lizes from a boiling solution in small shining plates.

Methyl Benzoate CgHg.COg.CH^ is readily formed by passing hydro-

chloric acid gas into a solution of benzoic acid in methyl alcohol. It

is a limpid liquid, possessing a fragrant odour, and boiling at 199°.

Alkalis decompose it into benzoic acid and methyl alcohol. As this

compound has such a high boiling-point, it can easily be obtained

pure by using impure methyl alcohol
;
and it is therefore used for

preparing pure methyl alcohol, as the benzoic acid can easily be
recovered and employed again for the same purpose.

Ethyl Benzoate CgH5.CO2.C2H5 is produced by the action of hydro-
chloric acid on an alcoholic solution of the acid, and by adding
benzoyl chloride to ethyl alcohol. It is an aromatic liquid, boiling

at 213°.

Benzoyl Chloride Cgllg.COCl is prepared by distilling the acid with
phosphorus trichloride, and also formed by the action of chlorine on
benzaldehyde. It is a limpid liquid, boiling at 199°, and possessing a

very pungent smell. AYater acts on it as on other acid chlorides
;

and on heating it with phosphorus pentachloride it is converted into

henzenyl trichloride Cgllg.CClg.

Benzoyl Fluoride Cglig.COF.—To obtain this compound, benzoyl
chloride and dry potassium hydrofluoride are heated in a platinum
retort :

—

HKF
2 + 2CgH5.COCl = HCl -y KCl -f- 2CgIT5.COF

It is an oily liquid, boiling at 162°, and possessing a very irritating

smell. Water decomposes it readily into hydrofluoric acid and
benzoic acid.

Benzoyl Oxide or Benzoic Anhydride (CgH
5
.CO)

2
fI is prepared by

heating dry sodium benzoate with benzoyl chloride, or with phos-
phorus oxychloride :

—
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2CJI5.CO.ONa + POCI3 = 2CJI5.COC1 + NaCl + NaPOg

CJI5.CO.ONa + C5H5.COCI = CJI5.CO
I

C5H5.CO I
0 + NaCl

Tlie mass is exhausted with water, and the residue crystallized
from alcohol. Benzoyl oxide forms rhombic prisms, melting at 42°,

and boiling at 310°. By boiling water, it is slowly resolved into two
molecules of benzoic acid.

C H CO )
Benzoyl-acetyl Oxide

j
0 is produced by acting with acetyl

chloride on sodium benzoate, or witli benzoyl chloride on fused
sodium acetate. It is a colourless, oily liquid, which by distillation

is resolved into acetyl oxide and benzoyl oxide :

—

CJI5.CO
I

0113.00 j

0 + CH
3.CO 1

CA.co I
0 = Cllg-CO I

0113.00 j

0 -I-

JI5.CO 1

JI5.CO j

Benzoyl Dioxide
C5H5.CO.O

.—To prepare this compound, benzoyl

chloride is mixed with pure barium dioxide, and the resulting mass
exhausted with carbon disulphide or ether. It forms colourless

crystals, does not dissolve in w^ater, and is decomposed by heat with
a slight detonation. Hot potash-solution resolves it into benzoic acid

and oxygen.

Benzamide CgH
5
.CO.NH

2
is produced by acting with ammonia on

benzoyl chloride or ethyl benzoate. It is sparingly soluble in cold

water, and crystallizes from a hot solution in needles, melting at 115°,

and boiling at 288°. On heating it with phosphorus pentoxide, it is

resolved into water and benzonitrile.

Hippuric or Bcnzamidacetic Acid CgH^NOg occurs as potassium or

sodium salt in the urine of all herbivorous animals, and also in small

quantity in human urine. When toluene, benzoic acid, oil of bitter

almonds, or cinnamic acid, are taken internally, they are converted

into hippuric acid, which is found in the urine. This transformation

takes place in the human organism, as well as that of many animals.

Quinic acid is also converted into hippuric acid, but only in the

human system and that of graminivorous animals.

Hippuric acid is also produced by the action of benzoyl chloride

on the silver or zinc salts of amidacetic acid, and by heating ben-
zaniide with chloracetic acid :

—

CHgCl

I

CO.OH

r ro 0 H CH N ^

CO.OH
8- HCl

It is generally prepared by evaporating the IVesli urine of cows or

horses to about one-t(Uith of its volume, and [)recipitating with hydro-

chloric acid.

J t forms large rhombic ]u-isms, di.ssol ving sjiaringlv in cold water, but
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freely in liot water and alcohol. On heating, it fuses, and then decom-

poses, yielding prussic acid, benzoic acid, benzamide, benzonitrile, &c.

By boiling it with alkalis or acids, it is resolved into benzoic acid and

amidacetic acid. A similar change takes place when urine undergoes

putrefaction, and benzoic acid may therefore be obtained in quantity

from the urine of horses or cows.

Hippuric acid is monobasic, and yields a series of salts, which are

mostly soluble in water.

By the action of potassium chlorate and hydrochloric acid, it is

converted into monochloro- and dichlorohippiiric acid. IVIonochloro-

hippuric acid is found in the urine after monochlorobenzoic acid has

been taken internally.

BenzoglycoUic Acid is obtained by acting with nitrous acid

on hippuric acid :

—

CH.,N I ClI.,.O.CO.C,H,

1

“
^ 4- NO.,H =

I

^ + H^O +
CO.OH “ CO.OH

It crystallizes in colourless prisms, and does not freely dissolve in

water.

Bcnzoleic Acid CgHg.COgH.—This additive compound is formed,

together with benzyl alcohol, by acting witli sodium amalgam on an
aqueous solution of benzoic acid. It is an oily liquid, smelling like

valerianic acid, and forms amorphous and deliquescent salts, which,

as well as the free acid, absorb oxygen from the air and are converted
into benzoates.

SUBSTITUTED BENZOIC ACIDS.

1-3 Chlordbenzoic Acid CgH^Cl.C02lI is obtained by acting on ben-
zoic acid with hydrochloric acid and potassium chlorate, and by
oxidizing orthochlorotoluene. It is but sparingly soluble in water,

and crystallizes in needles, melting at 152°.

14 Chlorobenzoic Acid, or Chlorodrcmjlic Acid.—This acid is formed
by oxidizing parachlorotoluene or parachlorobenzyl alcohol with a
dilute solution of chromic acid. It suhlimes in scaly crystals, melt-
ing at 236°.

1-2 Chlorobenzoic Acid, or Chlorosalylic Acid.—To prepare this acid,
1-2 oxybenzoic or salicylic acid C^,H

4 (
0H)C02H is treated with phos-

phorus pentachloride, and the chlorosalyl chloride CgH^Cl.COCl thus
formed is decomposed with water. Chlorosalylic acid is much mure
freely soluble in water than its isomerides, and crystallizes in needles,
melting at 137° when in the dry state, but under water already
at 100°.

Nascent hydrogen converts the three chlorobenzoic acids into
benzoic acid.
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a Dichlorobenzoic, or Dichlorodracijlic Acid CyigClg.CO^H, lias been
obtained by several reactions. It is formed by oxidizing dicliloro-

tolnene with chromic acid, and by heating dAchlordbenzcnyl trichloride

CgllgClo.CClg (see ])age 346) with water to 100°. The same acid is

produced by heating chlorodracylic acid with antimony pentachloride,
and by boiling benzoic acid with a clear solution of bleaching-powder,
precipitating with hydrochloric acid, and boiling the precipitate again
with bleaching-powder :

—

c„u,.00,11 I oci _ c„]r,ci.C04
^ C„Il5.00,I[ +

(
001 “ Ogll.Ol.OO, + -“

2
'^

(9)
Cgll^Cl.CO.,!! f 1 I 9JP Q
Cgll.Cl.COgH ^ OCl - C,ll3Cl2.C02

j

^ " 2
^

It crystallizes in slender needles, melting at 202°.

A Dichlorobenzoic, or Dichlorosalylic Acid, has been obtained by
heating chlorosalylic acid with antimony pentachloride. It crystal-

lizes in glistening needles, melting at 148°.

1’3 Bromohenzoic Acid Cgll^Br.COghl is obtained when benzoic acid

is heated with bromine and water to 100°. It crystallizes in needles,

melting at 154°.

1'4 Bromohenzoic Acid is produced by oxidizing parabroraotoluene,

and forms needles, melting at 251°.

1'2 Bromohenzoic Acid has been obtained from the corresponding

amidobenzoic acid by converting it into a diazo-compound, and de-

composing this by hydrobromic acid. It sublimes in Hat needles,

melting at 138°.

We know, also, the three iodohcnzoic acids which have been produced
from the corresponding diazo-compounds.

Fluohenzoic Acid CeH^F.C0.2lI is produced by acting with fuming
hydrofluoric acid on diazo-amidobenzoic acid. It crystallizes from an
aqueous solution in largo rhombic prisms, melting at 182°. It vola-

tilizes with the vapour of water, and forms crystalline salts.

1'3 Orthonitrohenzoic Acid C(.H^(N0.2)C0.3ll.—To ])repare this acid

an intimate mixture of one part of benzoic acid and two parts of

nitre is added to three ]-)arts of sulphuric acid, and then gently heated

until the nitro-acid swims as an oily layer on the top. To remove some
metanitrobenzoic acid, which forms at the same time, the product is

three times exhausted with about twice its quantity of boiling water,

and the residue either crystallized from more boiling water, or sub-

limed. The pure acid forms colourless needles, melting at 140°. It is

also obtained by oxidizing orthonitrotoluene.

1’2 Metanitrohcn zoic Acid is formed, but only in small quantity,

together with the oi tho-acid. The acid, as Avell as its salts, are much
more soluble than their isomerides, and distinguished by their in-

tensely sweet taste, while most other nitro-compounds have a bitter

taste. The acid crystallizes by the slow evaporation of an alcoholic

solution in large yellowish ])risms, melting at 145°.
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1'4 Paranitrohenzoic Acid is prepared by oxidizing paranitrotoluene,

and forms yellowish plates, melting at 240°

Binitrohenzoic Acid is formed Avlien 1‘3 nitrobenzoic acid is heated

with a mixture of nitric and sulphuric acids
;

it crystallizes in small

brilliant j^lates, and melts at 202°. An isomeride has been obtained

oxidizing dinitrotoluene with nitric acid
;

it forms long prisms, melting

at 179°.

Azohcnzoic Acids.—These bodies are formed bv actin^ with sodium-
Kf O

amalgam and water on the nitrobenzoic acids. They are amorphous
yellow solids, which are almost insoluble in water, alcohol, ether, &c.,

and form sparingly soluble salts, lleducing figents convert them into

colourless hydrazohcnzoic acids. The constitution of these bodies cor-

responds to that of azobenzene, &c. :

—

Azobenzoic Acid f
NC,lI,.C0.4i

{ NCglI,.C02H

j

I1NCJI,.C0AI
Hydrazobenzoic Acid-|

|

( 11NC„H,.C0,H

1'3 Amidohenzoic Acid CqH^(NH2)C02H is easily obtained by re-

ducing the corresponding nitrobenzoic acid with ammonium sulphide,

or with tin and hydrochloric acid. It crystallizes in small prisms,
melting at 165°, and dissolving freely in hot, but only sparingly in cold
water. It forms metallic salts, and combines as amido-compound
also with acids.

1'4 Amidohenzoic or Amidodracylic Acid crystallizes from water in

long slender needles, melting at 187°.

1-2 Amidohenzoic, Amidodracylic, or Anthranilic Acid was lirst

obtained by boiling finely-powdered indigo with caustic soda and
manganese dioxide for several days. After the solution has been
neutralized with sulphuric acid, it is evaporated, and the residue ex-
hausted with alcohol, which dissolves sodium anthranilate. It is also

produced by the reduction of the corresponding nitro-acid, and has
further been obtained from 1’3 bromobenzoic acid, which yields two
isomeric nitro-compounds

;
one of these, melting at 141°, is reduced

to ainidobromobeuzoic acid, and the latter treated with water and
sodium amalgam.

Anthranilic acid is sparingly soluble in cold, and more freely in hot
water

;
it forms thin prisms, melting at 144°

;
and when more strongly

heated, it is resolved into aniline and carbon dioxide. Its isomerides
yield also aniline on heating them with an alkali.

Dmzohcnzoic Acui
j

hen 1'3 amidobenzoic acid is

dissolved in cold nitric acid, and nitrogen trioxide passed into this

solution, the niivatc of diazohcnzoic acid C„Ib
-[ crvstalliz.es
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out ill colourless prisms. It explodes violently when heated, and is

decomposed by boiling water, 1-3 oxybenzoic acid being formed :

—

J OH
1 CO.,H + IINO3 + ^2

The free acid is obtained by adding an alkali to a solution of the

nitrate
;

it is a yellow body, which soon undergoes spontaneous de-

composition.

Diazo-amidohenzoic Acid C^H^
|

N^(NH)CgII^.C02H
pi-ecipitated

in orange crystals by adding amidobenzoic acid to an aqueous solution

of diazobenzoic acid. It is almost insoluble in water, and a bibasic

acid. When heated, it is decomposed with a slight explosion.

Uramidobenzoic Acid CfiH,
j'NII.CO.NH, ... ,.

) CO H — ^ compound is dis-

tinguished by the great number of derivatives which it yields. It is

produced by fusing urea with 1’3 amidobenzoic acid. By the action

of strong nitric acid it yields three isomeric dinitro-acids, which,

owing to the great similarity of their properties, cannot be separated

from each other.

When an ammoniacal solution of these acids is boiled, they are con-

verted into the mononitro-acids ;

—

+ H,0

= C,H,(NO,)| + KO,.OH

The mononitro-compounds can easily be separated, their barium
salts possessing a very different solubility in water. On acting with

nitric acid on the pure mononitro-acids, the dinitro-acids are obtained

perfectly pure. They form yellowish-white needles, and are freely

soluble in alcohol, but scarcely soluble in water. By boiling them
with water for a long time, they are converted into amido-nitrohcnzoic

acids :

—

P TT ^ i NH.c0.NH2 _ p H ^ ^C6H2(N02)2
j

- CcH3(N02) -t- COo + NgO

tin andWhen these amido-nitro-acids are gently heated with

hydrochloric acid, they are reduced to diamidobenzoic acids.

a Diamiidobcnzoic Acid C^Hg
|

is sparingly soluble in hot

water, and forms minute prisms. Its sulphate CgH
3
(C02ll)(NH.,)2

S04H 2

is almost insoluble in water. On distilling the acid, it is resolved in

carbon dioxide and orthodianiidohenzcnc (see page 327).

A Diamidobenzoic Acid is more freely soluble, and crystallizes in

pale-yellow plates. The sulphate has the composition 2[C^H3(C02H)

(NH.,)2]S0JT2. and is more soluble than the a compound.
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7 Diamidobenzoic Acid, crystallizes in long yellowish-wliite needles,

and forms an almost insoluble sulphate 2[CgH.,(C02H)(Nli2)2]S04Hjj

+ m,o.
The and y acids yield, when heated, metculiamiddbenzenc (page

327).

S Diamidobenzoic Acid.—This body has been obtained by reducing

dinitrobenzoic acid. It differs from its isomerides by its physical

properties, as well as by not yielding a diamidobenzeue, being by
heat completely carbonized, with the evolution of ammonia.

r
jj

Sidphobenzoic Acid CgH^
) COoH

.

—

This strong bibasic acid is

formed by passing gaseous sulphur trioxide over benzoic acid. It is

a crystalline, very deliquescent, sour mass. The neutral barium salt

is freely soluble in water, but the acid salt (C(.H^S03)2Ba(C02H)2,

which crystallizes in monoclinic prisms, dissolves but sparingly.

+ 2H2O, is sparingly soluble in water, and forms microscopic needles
;

the normal salt 2[CgH3(S03)2C02]Ba3 + 7H2O, crystallizes in prisms.

The compounds belonging to this group contain one or more
hydroxyls, combined with the aromatic nucleus, and have therefore

the character of phenols.

and is resolved into saligenin and grape-sugar.

Saligenin crystallizes from alcohol or hot water in brilliant, small,
rhombic plates, melting at 82°, and subliming above 100°. Its aqueous
solution gives with ferric chloride a deep-blue colour. Oxidizino-
agents convert it into salicyl aldehyde and salicylic acid. Saligenin
is isomeric with orcin and honiopyrocatechin, and metameric with
guaicacol :

—

The lead-salt is insoluble in water.

OXYBENZYL- AND OXYBENZOYL-COMPOUNDS.

glucoside which, by the actions of certain ferments, takes up water.
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by heating saligeiiin orSaliretm 1 q jg formed
CgII^(01i)CH2 j

^ IS loimeci

saliciii with hydrochloric acid. It is a yellowish amorphous powder.

Salicylaldehyde CgH
j |

exists in the flowers of the meadow-

sweet and other species of Spircca, and in the larva) of Chrysomcla
popidi. It is conveniently prepared by distilling salicin with dilute

sulphuric acid and potassium dichromate. It is a mobile, colourless

liquid, possessing a fragrant smell, and boiling at 19G°. At —20° it

solidifies, and when exposed to the air it assumes a red tint
;

it is

sparingly soluble in water. Ferric chloride colours this solution

deep-violet.

Salicylaldehyde forms crystalline compounds with the acid

sulphites of the •alkali-metals, and as phenol it forms also metallic

compounds. The potassium-compound Cgll^
|
COII

from

water in colourless plates, which, when moist, rapidly absorb oxygen
from the air. By adding a solution of copper acetate to an alcoholic

solution of the aldehyde, the compound (C(.HJC0H)0)2Cu separates

out in shining green crystals.

When equal molecules of the aldehyde and phosphorus penta-

chloride are mixed, oxyhenzylene dichloride C(jH^(OH)CHCh is formed,

crystallizing from ether in large hard prisms, melting at 82°. By
distilling this compound with phosphorus pentachloride, it is con-

verted into chloroTicnzylene dichloride C(.H^C1.C1IC1.2, a colourless and
very refractive liquid, boiling at 229°, and possessing a peculiar odour
and pungent taste. On heating it with water to 170°, it yields 1‘2

chlorohcnzaldchyde CgH^Cl.COH, a liquid boiling at 210°, and possess-

ing a pungent taste and smell.

r ociT
Methyl-Salicylaldehyde

| COH^
formed by acting with

methyl iodide on the potassium compound of the aldehyde. It is a

liquid possessing a fragrant smell, and boiling at 238°.

Salicylic Acid, or 1’2 Oxyhcnzoic Acid, occurs in the flowers of several

species of Spiraea, and its methyl-ether forms the chief constituent

of oil of wintergreen. It has' been produced artificially by passing

carbon dioxide into a mixture of sodium and phenol

:

—-

It is also formed by fusing metacresol with an excess of caustic

potash

:

—

CH, +

By acting with nitrous acid ou n dilute solution of anthranilic acid

(page 3G‘)), salicylic acid is obtained:—



THE CARBON COMPOUNDS 396

c.h.{™|j + no,h = ca|co;h +JOH + H,0

To prepare salicylic acid, wintergreen-oil is boiled with caustic

potash
;
methyl alcohol distils over, and potassium salicylate is left

behind.

Salicylic acid crystallizes in four-sided prisms, melting at 156°; it

is sparingly soluble in water. The aqueous solution gives, with ferric

chloride, a deep-violet colour. When a small quantity of the acid is

carefully heated, it sublimes
;
but on heating it quickly, or in presence

of alkalis, it splits up into phenol and carbon dioxide.

It is a monobasic acid, but as phenol it forms also compounds
containing two equivalents of a metal; but these are very unstable,

and decomposed by carbon dioxide.

Methyl Salicylate CqH^
| qq qq]:^

is the chief constituent of oil of

wintergreen, and forms a colourless liquid, possessing a fragrant odour,

and boiling at 224°. It forms, with alkalis, unstable ]jhenates.

Methyl-salicylic Acid CgH^ methyl-ether of this acid

is produced by heating oil of wintergreen with caustic potash and
methyl iodide. By boiling this ether with an alkali, it is decomposed
into methyl alcohol and methyl-salicylic acid, which crystallizes in

plates, melting at 98°^5. On heating it to 200°, it is resolved into

carbon dioxide and anisol (see page 332). This acid is isomeric with

methyl salicylate, from which it differs by being a strong acid.

Salicylic Anhydride CglT^
| CO^

obtained by acting with phos-

]»horus oxychloride on sodium salicylate :

—

3C,H.
{

+ POCl, = 3C,H„
j

+ NaPO. + 3HC1

It is a white powder, which is insoluble in water, and forms, with
potash, potassium salicylate.

r OH
Salicylamide CgH^

| qq
is produced by the action of ammonia

on oil of wintergreen. It forms small plates, melting at 132°, and
subliming when more strongly heated. With caustic potash it forms

the compound CgH^
|

1 ^^7 adding silver nitrate to an aqueous

solution of this phenate, the silver-compound
| CO XII

cipitated in white flakes.

At 270°, the amide is resolved into water and salicylnitrile

a crystalline solid, which is insoluble in water, and dis-

solves in ammonia. The salts of heavy metals precipitate from this

solution the corresponding phenates.
a B B
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riiospliorus pentachloride converts salicylic acid into chlorosalyl

cldoride (page 1163), and by the action of chlorine or bromine it

yields products of substitution. AVhen it is treated with iodine and
iodic acid, one or more hydrogen-atoms are replaced by iodine.

All these substituted salicylic acids are resolved at a high tempera-
ture into carbon dioxide and substituted phenols.

Nitrosalicylie Acid C(5H3{1SI02)
| qq pj-

is formed by dissolving

salicylic acid or salicin in fuming nitric acid, and by boiling indigo

with dilute nitric acid. It crystallizes in thin needles, and forms two
series of salts

;
those containing two equivalents of a metal possess a

yellow colour.

Amidosalicylic Acid CgIl
3
(NH

2
) |

is produced by reducing

nitrosalicylie acid. It forms shining needles, and combines with
bases as well as with acids. By the action of heat it is decomposed
into carbon dioxide and ortho-amidophenol.

1‘3 Oxyhenzoic Acid.—This isonieride of salicylic acid is commonly
called simply oxyhenzoic acid. It is produced by passing nitric

trioxide into a boiling solution of 1'3 amidobenzoic acid, or by boiling

the nitrate of the corresponding diazobenzoic acid with water. It

hus also been obtained by fusing sulphobenzoic acid, 1‘3 chlorobenzoic

acid, or orthocresol with caustic potash.

It crystallizes in prismatic needles, is readily soluble in boiling

water, and possesses a sweet taste. It melts at 195°, and at a very

high temperature is resolved into phenol and carbon dioxide. The
same decomposition occurs much more readily in presence of an
alkali. With ferric salts it gives no reaction.

r OPTT
Mcikyl-oxybcnzoic Acid CgH^

-j

—The sodium salt of this

acid is formed by passing carbon dioxide into a mixture of bromo-
pheuol-methylether and sodium :

—

C„H.
{

+ Na, + CO, = C,H.
|

By decomposing this salt with hydrochloric acid, the free acid is

(ibtained, which crystallizes in long needles, melting at 95°, and sub-

liming without decomposition.

It lias also been produced by heating oxyhenzoic acid with methyl
iodide and caustic potash :

—

{ co.oK
- ci«ii4

-j CO (JCH3

and decomposing the ether thus produced with potash :

—

I CO.OCH3
^6^14

{ CO.OK
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1-4 Para-oxyhenzoic Acid.—This third isomeric acid is obtained by
the action of nitrous acid upon an aqueous solution of paramido-

benzoic acid, as well as by the action of fusing caustic potash upon
anisic acid, paracresol and many resins (gum benzoin, aloes, dragon’s-

blood, &c.\
It is much more soluble in water than salicylic acid, and crystallizes

in monoclinic prisms, with one molecule of water. It melts at 210°,

decomposing at the same time partly into carbon dioxide and phenol.

Its aqueous solution gives with ferric chloride a yellow precipitate.

Phosphorus pentachloride converts it into parachlorobenzoyl chloride.

Anisyl Aldehyde, or Methyl-jpara-oxyhenzaldehyde CgH^
| COH^’

—

^

The volatile oils of Pimpinella Anisa, Anethum Foeniculum, Artemisia

Dracunculus, and other Umbelliferae, and the oil of Illicium anisatum,
r OCH

contain as principal constitutent anethol Cgll^
-j q jj

which, by the

action of dilute nitric acid or chromic acid, is oxidized to anisyl

aldehyde, an oily liquid, boiling at 248°, and possessing an aromatic

odour. It forms with the acid sulphites of the alkali-metals crystal-

line compounds, and combines with nascent hydrogen with the

formation of Anisyl alcohol or methyl-para-oxyloenzyl alcohol

f OCH
CgH^

-j Qjj
which crystallizes in shining prisms, melting at 28°,

and boiling at about 250°. It has a faint odour and burning taste

;

on heating it with hydrochloric acid it is converted into the liquid

anisyl chloride CgH^
|

^
r oPTi

AnisicAcid, ox Methyl-para-oxyhenzoic Acid CgH^ is formed

by the prolonged action of oxidizing agents upon the above-mentioned
oils, and on paracresol-methyl-ether, and has also been produced by
heating para-oxybenzoic acid with caustic potash and methyl iodide.
It crystallizes in colourless needles, melting at 175°, and subliming
without undergoing decomposition. By heatmg it with hydrochloric
acid or hydriodic acid, or by fusing it with caustic potash, it yields
para-oxybenzoic acid, and by distillation with caustic baryta it is

resolved into carbon dioxide and anisol,

Fitranisic Acid CgIl2(N02)
^ qq Oil

obtained by acting on oil of

anise-seed with hot nitric acid of specific gravity of l°-4, and forms small
glistening needles, melting at 180°.

r opH
Pinitranisic Acid CgH2(N02)2

cqqjj is formed together with

di- and trinitranisol, when nitranisic acid is boiled with fuming
nitric acid. It crystallizes from hot water in large yellowish, shining
needles, melting at 173°. In alcoholic potash it dissolves with a fine

red colour, and boiling alkalis decompose it with the formation of
dinitropara-oxy benzoic acid.

B V, 2

I
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]iy acting with ammonia on dinitranisic acid, it is converted into

methyl alcohol, and chrysanisic or dinitroparamidohenzoic acid

Ggll2(N()2)2-| crystallizing from alcohol in small rhombic

golden-yellow plates, melting at 259°.

Tin and hydrochloric acid reduce it to triamidohenzoic acid

C(3Tl2(N 112)300211, which crystallizes from hot water in fine, shining

needles. With sulphuric acid, containing a trace of nitric acid, it

forms a deep-blue solution, like trianiidohenzenc (see page 327). It

combines not only with bases, but also with acids.

Oxyscdicylic Acid C(jH3
1 qq

obtain this compound, mon-

iodosalicylic acid is boiled down with caustic potash, the residue

dissolved in water, and acidulated with sulphuric acid. The solution

is then shaken with ether, and the ethereal solution evaporated.

Oxysalicylic acid crystallizes from water in shining needles, melting
at 183°, and decomposing vdien more strongly heated into carbon
dioxide, and a mixture of hydroquinone and pyrocatechin. By adding
ferric chloride to its aqueous solution, a deep-blue colour is produced,

which is changed into red by ammonia.

Protoccdechuic Acid CqH3-|^ C^H been obtained by acting with

fused potash on sulphoxybenzoic acid
;
on bromo-, iodo-, and sulpho-

para-oxybenzoic acids; and on bronianisic, eugenic, and piperic acids.

It is also formed, together with para-oxybenzoic acid, by fusing gum-
benzoin, guaiacum, dragon’s-blood, and other resins with potash. It

is sparingly soluble in cold water, and crystallizes from boiling water

in needles containing one molecule of water. It melts at 200°, and
is resolved by dry distillation into carbon dioxide, pyrocatechin and
hydroquinone. With ferric chloride it gives a bluish-green colour,

which alkalis change into red.

As pyrocatechuic acid may be obtained from 1'3 oxybenzoic acid,

as well as from 1’4 paraoxybenzoic acid, it follows that the hydroxyls

occupy the positions 3‘4.

a Dioxyhenzoic Acid is produced by converting 1‘4

nitrotoluene into the corresponding diazotoluene-sulphonic acid,

boiling the latter with water, and fusing the cresol-sulphonic acid

thus i'orined with potash. It is readily soluble in water, and crystal-

lizes in needles
;

its solution colours ferric salts reddish-brown.

When the above-mentioned diazotoluene-sulphonic acid is boiled

with altsolute alcohol, »and the toluenesulphonic acid thus formed is

fused with potash, metacresol is obtained, which by oxidation yields

salicylic acid. Consequently the two hydroxyls of a dioxybenzoic

acid have the position 2‘4.

(3 Dioxyhcnzoic Add.—This fourth isomeride is obtained by fusing

disulphobenzoic acid with potash. It crystallizes from an aqueous

solution in thick prisms, and is not coloured by ferric chloride.
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Gallic Acid, oi' Trioxyhcnzoic Acid occurs in the free

state, or as glucoside (tannin) in nutgalls, in the leaves of tlie bear-

berry, in tea, in the fruits of Ccesalinnia coriaria (Divi-iJivi), in

the root-bark of the pomegranate, and in otlier plants. It is

obtained by boiling tannin with dilute acids, or exposing it in the

moist state to the air at a temperature of 20° to 30°.

Gallic acid is also formed by heating di-iodosalicylic acid with
potassium carbonate and by fusing broniocatechuic or ^ bromo-
dioxybenzoic acid with caustic potash.

The formation of gallic acid from salicylic acid and pyrocatechuic
acid proves that the hydroxyls have the position 2. 3. 4 (or 3. 4. G).

Gallic acid dissolves in 100° parts of cold, and three parts of

boiling water, and crystallizes in fine silky needles, containing one
molecule of water. It has a slightly acid and astringent taste, and
gives a deep-blue colour with ferric salts. It melts at 200°, and at
210° it is resolved into carbon dioxide and pyrogallol.

It forms four series of salts, which- are stable in the dry state, or if

the solution is acid
;
but in an alkaline solution they rapidly absorb

oxygen, and colour brown and black. From a solution of silver or

gold it precipitates the metals.

Ethyl Gallatc CgHg I tt is formed by passing hydrochloric

acid gas into a solution of the acid in absolute alcohol. It crystallizes

from water in rhombic prisms, possessing a bitter taste and acid re-

action. On heating it carefully, it sublimes in brilliant needles. It

colours ferric salts blue
;
forms, as phenol, metallic compounds

;
and

reduces the solutions of the noble metals.

Digallic Acid
|
0 is formed by heating gallic

acid with phosphorus oxychloride, or by boiling its aqueous solution

with arsenic acid. Digallic acid is an amorphous yellowish powder,

having a strong astringent taste, and giving Avith ferric salts a dark-

blue colour. By boiling it with hydrochloric acid, it is reconverted

into gallic acid. Commercial tannin, or tannic acid (see Glucosides),

appears to contain digallic acid in considerable quantity.

Ellagic Acid Cj^HgOg is formed, together with gallic acid, by
exposing an aqueous solution of tannic acid to the air, and by
heating gallic acid wuth dry arsenic acid, the latter being reduced

to arsenic trioxide. Ellagic acid also occurs in certain “ Oriental

bezoar-stones,” or calculi found in the intestines of Avild goats

in Persia. It is a yelloAvish crystalline poAvder, and insoluble

in Avater.

Quinic or Kinic Acid CgIl
7
(OII)^CO.,H occurs in the cinchona-

barks, in the leaves of bilberry, in coftee, and in other plants, and is

obtained as a by-product in the manuiacture of quinine. It is

readily soluble in Avater, and crystallizes in rhombic prisms, melting

at 1G2°. By dry distillation it is decomposed, yielding: hydroquionne
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pyrocatechin, phenol, benzoic acid, &-c. Manganese dioxide and
sulphuric acid oxidize it to quinone.
By heating it with concentrated hydriodic acid, it is reduced to

benzoic acid :

—

C6H7(0H)4C02H + 2HI = CeH^.CO^H + 4H
2
O + I

2

Phosphorus pentachloride converts it into chlorobenzoyl chloride :

—

C6H.(0II)4C0.0H + 5PCI
5 = CeH.CLCOCl + bPOClg + 8HC1

By fusing it with potash, it yields pyrocatechuic acid ;

—

C6H7(0H)4C02li + KOH = C6H3(0H)2C02K + 3H
2
O + H 2

These reactions show that quinic acid is an additive product, con-

taining an aromatic nucleus, in which each carbon atom is linked to

an other only by one combining unit.

The quinates are soluble in water. Calcium quinate (CgIl
7
(OH)^

C02) 2
Ca + IOH

2
O occurs in cinchona-barks, and forms large rhombic

crystals.

COMPOUNDS WITH EIGHT ATOMS OF CARBON.

(1) Dh.ethyl-ben.ene

(2) Ethyl-benzene. . CgH
5
.C

2
H

5

(3) Etheny1-benzene . CgH
5
.C

2
H

3

(4) Ethinyl-benzene . CgHg.CgH

When purified coal-naphtha is submitted to fractional distillation,

a liquid is obtained, boiling constantly at 139° to 140°. This was
formerly regarded as a pure compound, and called xylene or xylol
More recent researches have, however, shown that xylene is a mixture
of two dimethyl-benzenes, which, having nearly the same boiling-

point, cannot be separated by distillation.

( rqp
DIMETHYL-BENZENES ChH. 1

^
(
CH
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METHYL-TOLUENE, OR 1‘4 DIMETHYL-BE^’ZENE,

Occurs sometimes in quantity in coal naphtha. The pure hydro-

carbon is obtained by the action of sodium on a mixture of methyl

iodide, and crystallized bibromobenzene, or 1'4 bromotoluene.

It is a colourless liquid, boiling at 136°, solidifying at 15° to a

crystalline mass, and possessing a peculiar smell, which is quite

different from that of benzene. Fuming nitric acid converts it into

two dinitro-compounds, which are separated by crystallizing them
from alcohol.

a Dinitroinethyl-tolmne 0511.2(^102)2(0413)2 forms long, thin, colour-

less needles, melting at 123 °‘
5 . /§ Dinitromethyl-toluene is more

freely soluble, and forms long, transparent, monoclinic crystals,

melting at 93°.

Trinitromethyl-tcluene 0qH(NO2)3(0H3)2 is produced by treating the

hydrocarbon with a mixture of nitric and sulphuric acids
;

it crystal-

lizes from alcohol in long colourless needles, melting at 137 °.

Monobromomethyl-toluene OgH3Br(OH3)2.—To prepare this compound,

bromine is slowly added to the hydrocarbon, which is cooled down
to 0 °. It is a colourless liquid, boiling at 205°, and possessing an

agreeable odour. By the further action of bromine, it is converted

into dibromomcthyl-toluene C5H2Br2(CH3)2, crystallizing from alcohol

in pearly scales, melting at 72 °.

ISOXYLENE, OR 1’3 DIMETHYL-BENZENE,

Forms generally the chief portion of coaltar-xylene, and is

obtained pure by distilling mesitylenic acid CqH3(CH3)2C0.2II with

lime. It is a limpid liquid, boiling at 138°, and smelling like

methyl-toluene. It is only slowly acted upon by nitric acid, whilst

methyl-toluene is readily oxidized by it to toluic acid, and therefore

an almost pure isoxylene may be prepared by heating coaltar-xylene,

which contains much isoxylene, with dilute nitric acid.

The substitution-products of this hydrocarbon have mostly been
obtained from crude xylene, and many of them are, therefore, probably

mixtures.

Monochloro-isoxylene CgH3Cl(CH3)2 is produced when xylene is

acted on by chlorine either in the cold or in presence of iodine
;

it

is a colourless liquid, boiling at 183 °.

Monoh'omo-isoxylene CgIl3Br(CH3)2 is a liquid, boiling at 205 °,

and possessing an aromatic odour.

Dibromo-isoxylene CgIl2Br2(CH3)2 crystallizes in pearly scales, melts

at 69 °, and boils at 256 °.

Nitro-isoxylene CgH3(N02)(CH3)2 is formed, together with dinitrd-
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isoxylene, by dissolving the hydrocarbon in cold, fuming nitric acid.

It is a pale-yellow liquid, boiling at 239°.

Dinitvo-isoxylene crystallizes from alcohol in long

brilliant prisms, melting at Ur.
Trinitro-isoxylene 0^11(^02)3(0113)2 forms colourless crystals, melt-

ing at 177°.

Amido-isoxylene 0(.H3(NH2)(0H3)2 is a colourless liquid, boiling at

210°, and forming crystallizable salts.

ORTHOXYLENE, OR 1'2 DIMETUYL-TOLUEXE.

This hydrocarbon has been obtained by distilling paraxylic acid

with lime. It is a liquid, boiling at 140°, and
possessing a peculiar, unpleasant odour. It does not form readily

solid nitro-compounds.

XYLENOLS.

hoxylenol OgH3(OH) (0113)2.—When mesitylenesulphonic acid is

heated with potash to 250°, it is converted into oxymesitylenic acid,

which, by heating the fused mass to 290°, is changed into isoxylenol :

(1) C,H,(CH3),S0,K + 3KOH = C„H,(CH3),| + 3H,0

(2) C„H,(CH3),
I

+ KOH = C„H3(CH3)30K + KXO,

It is a crystalline solid, melting at 75°, and boiling at 216°.

By dissolving crude xylene in sulphuric acid, and fusing the

xylenesulphonic acid with caustic potash, two xylenols are obtained
;

one seems to be identical with that obtained from mesitylene, and the

other is a colourless, strongly refractive liquid, boiling at 211°-5.

Phlorone, or Xyloquinone 0qH2(0H3)202, is ju'oduced by treating

coaltar-oil or creosote, boiling above 210°, with manganese dioxide

and sulphuric acid. It forms golden-yellow, oblique, rhombic prisms
;

on heating, it gives off a very pungent smell, which attacks violently

the eyes and mucous membranes. It is soluble in boiling water,

and sublimes on heating.

Ilydrophlorone, or Xylohydroquinonc CgIl2(CIl3)2(OH)o, is obtained

by reducing phlorone with sulphurous acid, and crystallizes from

boiling water in white, pearly scales.

Beta-orcin C8Hg(OII)2 is obtained from usnic acid, and similar acids

occurring in lichens, by the same method by which orcin is prepared

from orsellinic acid. It is soluble in water and alcohol, and crystal-
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lizes in colourless prisms, wliicli may be sublimed. Its ammoniacal
solution colours red in the air, and with caustic alkalis it yields a

red colouring matter. Beta-orcin is probably a di-oxyxylene.

TOLYL- AND TOLUYL-COMPOUNDS.

( CH
Tolyl or Xylyl Chloride is produced by passing

chlorine into boiling xylene (isoxylene) f it is a liquid having a dis-

agreeable smell, and boiling at 193°.

Tolyl Alcohol CgH^
|

—When the chloride is heated with

silver acetate, it yields tolyl acetate, a liquid possessing an aromatic
odour, and boiling at 226°. Alkalis convert it into tolyl alcohol, a
crystalline solid, forming white needles, which melt at 59°, and boil

at 217°.

( CH
Tolylaniine CgH^

|
,—The three tolylamines are formed

l\y heating the chloride with alcoholic ammonia. They neutralize

acids, and form crystalline salts. The monaniine is a limpid and
very alkaline liquid, boiling at 196°, and smelling like herring’s

brine.

Ditolylamine [CgH
4
(CH

3
)(CH

2)2
]NH is a similar body, and tritolyl-

amine [CgH^(CH
3
)(CH

2)]3
N is a viscid liquid, having a faint alkaline

reaction. The di- and triamine are decomposed by heat.

1‘4 Faratoluic Acid CgH^
|

is produced by boiling methyl-

toluene or cyniene for several days with nitric acid of 20 per cent., and
distilling the product with steam, or treating it vdth tin and hydro-

chloric acid. The same acid has been obtained by passing carbon

dioxide into a mixture of lA bromotoluene and sodium.

Paratoluic acid forms slender needles, melting at 178°; it is spa-

ringly soluble in cold, readily in hot water, and forms a number of

substitution-products resembling those of benzoic acid.

Paratoluonitrile CgH^(CH
3
)CX has been prepared by acting on

crystallized toluidine with carbon disulphide, and distilling the

sulphocarbotoluide thus formed with finely-divided copper, the

reaction taking place in three stages. First, the toluide is resolved

into tolyl mustard-oil and toluidine; then the copper removes the

sulphur from the former compound, tolylcarbamine being produced,

which at the high temperature is converted into the nitrile :

—

(1) CS
[

= Nll.,.Cgll,.CTl3 + CS.KCgll,.CIl3

(2) CS.X.Cgll^.CHg + 2Cu - CX.CglI,.CH3 -t CiqS

(3) CX.C,H,.CH3 = NC.CJ1,.CH3
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Pavatoluonitrile forms fine white needles, melting at 30°, and
smelling like oil of hitter almonds. By heating it with concentrated

hydrochloric acid to 200°, it is converted into paratoluic acid.

1'3 Isotoluic Acid is formed by oxidizing isoxylene, hut is more
conveniently prepared hy heating the calcium-salt of uvitic acid

CgH
3
(Cli

3
)(C02n)2 with slaked lime above the melting-jDoint of lead

;

this reaction is quite analogous to the formation of benzoic acid

from phthalic acid. Isotoluic acid crystallizes from water in needles,

melting at 105°.

1‘2 Orthotoluic Acid has been obtained by boiling orthoxylene with

dilute nitric acid. It crystallizes from a hot, dilute, aqueous solution

in long, transparent, pointed prisms, melting at 102°.

Orthotoluonitrile is produced by converting pseudotoluidine into

the corresponding mustard-oil, and distilling the latter with finely-

divided copper. It is a refractive liquid, smelling like nitrobenzene,

and boiling at 204°. By heating it with hydrochloric acid to 200°, it

is converted into orthotoluic acid
;
but alcoholic potash acts only

( CH
slowly on it, converting it into orthotoluylamide CglT^

-j qq ,
crys-

tallizing from boiling water in very long and slender needles,

melting at 138°.

TOLYLENE-COMPOUNDS.

Tolylene Glycol
|

q^-—

T

he chloride of this alcohol is

produced by passing chlorine into boiling methyl-toluene. It is

easily converted into the glycol by heating it with thirty parts of

water for three hours to 180°. To isolate the glycol, the solution is

allowed to evaporate at the ordinary temperature, and not on a water-

bath, because when the hydrochloric acid becomes concentrated a

part of the alcohol is reconverted into the chloride. The con-

centrated solution is neutralized and shaken with ether, the ether

evaporated, and the residue crystallized from water in vacuo. Tolyl-

ene glycol forms white, opaque, interlaced needles, melting at 113°.

By heating it with chromic acid solution, it is oxidized to terephthalic

acid

Tolylene Dichloride C^5H^(CH2C1)2 is also produced by distilling the

glycol with hydrochloric acid
;

it crystallizes from alcohol in hard,

large, transparent, clinorhombic lainina3, melting at 100°, and boiling

at 240° to 245°. By dissolving it in fuming nitric acid, it is converted

into nitrotolylene dichloride C(4[3(N02)(CH2C1)2, crystallizing from

alcohol in small brilliant plates, melting at 35°, and possessing an

agreeable smell.

Tolylene Dihromide C3
H^(CH

2
Br )2 is produced by adding bromine

drop by drop to boiling methyl-toluene, and by distilling the glycol
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with hydrobromic acid. It crystallizes from alcohol in small pearly

plates, which are isomorphous with the chloride, and from chloroform

in hard brilliant crystals, melting at [146°. In the preparation of

this body from the hydrocarbon, higher hrominated products are

formed at the same time, the vapours of which attack the eyes

horribly.

Tolylene Di-iodide CgH^(CH
2
l)2 is obtained by distilling the glycol

with hydriodic acid. It crystallizes in small, rhomboidal plates,

which are decomposed by heat.

( CH OH
Tolylene Monobenzoate Cgli^-| qq jj q-— ether is formed

by heating the chloride with an alcoholic solution of sodium benzoate

to 100°. It crystallizes from ether in long, fine, light needles.

( CH,.0CHI,0
Tolylene Diacetate CcH,

\ CH2.0CoH,0
has been produced by

heating the bromide or chloride with sodium acetate and alcohol to

150°. It forms hard crystals, melting at 47°.

( CH OH
Tolylene Monethyl-Ether CgH^

) CH^ 00 H obtained by boiling

the chloride with concentrated alcoholic potash, as a fragrant liquid

boiling at 252°.

Oxymethyl-phenylformiCy or Tolylene-glycollie Acid CgH^
j- qq

—To obtain this acid, bromine vapour is passed into paratoluic acid,

heated to 170°, and boiling the product with baryta-water. It is

more freely soluble in water than paratoluic acid, and crystallizes in

flat needles, melting at about 180°.

OXYTOLUYL-COMPOUNDS.

r CH
Cresotic Acid CgH3

(OH) I is produced by passing carbon

dioxide into a mixture of sodium and coaltar-cresol. It crystallizes

from hot water in brilliant needles, melting at 174°, and giving, with
ferric chloride, a deep-violet colour.

( CH
Orsellinic Acid CgH

2
(OH)

2
-< is produced by boiling erythrin,

or lecanoric acid with baryta-water. It is readily soluble in water,
crystallizes in prisms, possessing a bitter and sour taste. By dry
distillation, or by boiling it for some time with baryta-water or milk
of lime, it is resolved into carbon dioxide and orcin CgIl

3(CH3
)(OH )2

(see page 352).

Erythrin C2oH220^q.—This compound, which is also called erythric

acid, occurs in the lichens which are used for preparing archil, the
finest kind of which is obtained from Rocella tinctoria. It is prepared
by boiling this lichen with milk of lime, and precipitating the
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filtered solution with hydrochloric acid. The precipitate is dried

and crystallized from warm alcohol. It is almost insoluble in water,

and forms crystalline globular masses. By boiling it with water, it is

resolved into picrocri/thrite a crystalline, bitter substance,

and orsellinic acid. If the ebullition be continued, or if erythrin

be boiled with baryta-water, erythrite C^IIg(OII)4 (page 277) and
orsellinic acid are produced. These reactions show that both

erythrin and picro-erythrite are orsellinic ethers of the tetrad alcohol

erythrite, and have the following constitution :

—

E,ytl,rin C„H,(OH),
{ ^

( (X) O i

( OH
(OH

Picroerythrite CgH.^
CII

3

00.00411^(011)3

Lecanoric Acid, or Diorsellinic Acid O^qH^^O^, is found in a variety

of Bocdla tinctoria growing in South America, and in other lichens,

and is prepared in the same way as orsellinic acid. It crystallizes

from alcohol in prisms. On boiling it with baryta-water, it yields

as first product, only orsellinic acid, and has, therefore, the following

constitution :—

•

( C„II,(OH)
I

Emmie Acid, or Methyl-lecanoric Acid O^-H^gO-, is found in Evernia

Prunastri, and is resolved by boiling it with baryta-water into orsel-

linic acid and everninic acid Cgll^gO^, which crystallizes from hot

water in needles. The constitution of these acids is explained by
the following formulte :

—

Everninic Acid CgH
2
(CH

3)

rOH
- OCH

3

( CO,H

Evernic Acid 0 j
C„H,(CH3)

I ^7^]^

JJsnic Acid C^gll^gOy has been found in Usnea harhata and other

lichens
;

it crystallizes from alcohol in brilliant yellowish-white broad

needles, and yields on distillation hda-orem CgHioOg (page 376). The
constitution of usnic acid is probably similar to that of lecanoric

acid, viz. :

—

.. f c,iiic\i,uon)co,n
^ |CgH(01l3):(OH)(X),H
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PHTIIALIC ACIDS p,. fCO.OH
1 CO.OH-

Tere'phthalic Acid is easily obtained by oxidizing methyl-toluene or

any other aromatic hydrocarbon, alcohol, acid, &c., containing two
side-chains in the position 1'4, by a solution, consisting of 2 parts

of potassium dichromate, 3 parts of sulphuric acid, and 15 parts of

water. It is a white crystalline powder, almost insoluble in water,

alcohol, and ether, and subliming without previously melting. It

forms crystallizable salts
;
calcium and barium tereplithalate are but

sparingly soluble in water.

The smallest quantity of terephthalic acid can be easily recognized

by treating it with a little phosphorus pentachloride, and adding some
methyl alcohol, and then a little water, and shaking the whole with
ether. On evaporating the ethereal solution, methyl terephthalat*

separates in crystals, melting at 140°. In the same way ethyl tere-

phthalate, melting at 44°, may be obtained.

Hydroterephthalic Acid CgHg(C02H)2 is a wliite crystalline powder,
which is formed by acting with sodium-amalgam on an alkaline

solution of terephthalic acid.

Tercphthcdonitrile CgH^
j

is produced by distilling a mixture oi

potassium benzene-disulphonate and potassium cyanide. It forms
prismatic needles, having an aromatic odour, and dissolving sparingly

in alcohol, but not in water. By boiling it with potash, it is converted
into terephthalic acid.

Isophthalic Acid is readily formed by boiling isoxylene with chromic-
acid solution, and also by oxidizing colophony with nitric acid. It is

almost insoluble in cold water, only sparingly in boiling water, but
more freely in alcohol, and crystallizes in very thin, long needles,

melting above 300°. Isophthalic acid has also been produced by
fusing potassium sulphobenzoate with sodium formate ;

—

C,H
,|

+ CO,NaH = C„H,| + SO,NaH

Phthcdic Acid is not obtained by oxidizing orthoxylene or ortho-

toluic acid with chromic acid, because the latter acid burns the

phthalic acid completely to carbon dioxide and water, but is formed
by oxidizing naphthalene, anthracene, and several derivatives of tliese

hydrocarbons, which contain two carbon -atoms linked to two adjoin-

ing carbon-atoms of the aromatic nucleus. It is usually prepared by
acting with chlorine on naphthalene, and boiling the product with

nitric acid. It crystallizes from boiling water in plates or thick

prisms, melting at 175°. Above this temperature it is resolved into

f C (

V

water a,i\A phthalic anhydride Cgll^
| CO/^’

which sublimes in long

necdleSj melting at 129°.
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Wlien calcium plitbalate is heated with quicklime to 300°, it is

converted into calcium benzoate, but at a higher temperature benzene
is formed.

C CO H
Hydrophtlicdic Acid Cgllg

|
formed by the action of sodium

amalgam on an alkaline solution of phthalic acid. It crystallizes in

hard monucliiiic plates, and yields, on heating, phthalic anhydride.

ETHYL-BENZENE CgHg.CgHg.

This hydrocarbon is produced by acting with sodium on a mixture
of bromobenzene, ethyl bromide, and pure ether. It is a limpid,

refractive, aromatic liquid, boiling at 134°.

Ethylmonobromohcnzene CgH^Br.Cgllg is produced by acting on the

hydrocarbon with bromine in the presence of iodine; it is a liquid

at 199°.

By adding fuming nitric acid to well-cooled ethyl-benzene until

the hydrocarbon is dissolved, two ethylmvnitrohcRzenesC^YJii^O^GAi-
are formed. On boiling at 246°, it is oxidized by boiling dilute nitric

acid to nitrodracylic acid, whilst the second, boiling at 227°, is com-
pletely destroyed by boiling it with nitric acid.

Ethylamidohenzenc CgH^(NH
2
)C

2
H

5
is obtained from the first of the

two nitro-compounds as a limpid liquid, boiling at 214°.

Etliyloxyhcnzene, or Ethylphenol CgH4(01I)C2Hg, is formed by dis-

solving the hydrocarbon in sulphuric acid, and fusing the sulpho-acid

with potash. It has great resemblance to common phenol, forming
prismatic crystals, melting at 48°, and boiling at 210°.

Phlorol CgH
4
(OH)C

2
li

5
.—This isomeride of ethylphenol has been

obtained by distilling phloretic acid CgH
4(
0H)02 ll

4
with baryta

;
it is

a liquid boiling at 120°.

STYROLYL-COMPOUNDS.

Styrolyl Chloride CgHg.C
2
H^Cl is formed by passing chlorine into

boiling ethyl-benzene
;

it is a liquid boiling with partial decom-
position at about 200°.

Styrolyl Bromide CgHg.CgH^Br.—To prepare this compound, pure
bromine, which is perfectly free from iodine, is added to cold ethyl-

benzene. It is a heavy liquid, which may be distilled under a
diminished pressure, but under the ordinary atmospheric pressure it

is partially resolved into hydrobromic acid and styrolene.

Styrolyl Alcohol CgH-.C.jH^.OH.—When the bromide is heated witli

potassium benzoate, a portion is decomposed into hydrobromic acid

and styrolene, whilst another is converted into styrolyl benzoate, which
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forms colourless crystals. This etlier is decomposed by alkalis, the

alcohol being formed, a heavy liquid, boiling at 225°, and possessing

an aromatic odour.
r p TT

Styrolyl-ethyl Ether 0 < ^^^5 ^ ^ jg produced by heating the

bromide with alcoholic potash or ammonia :

—

C2H5 1C.H^.C^H.Br + C.,H,.OH + NH3 =
j
^

It is a mobile, fragrant liquid, boiling at 187°.

Phenylacetic or Alphatoluic Acid CgHg.CHg.COgH.-—This acid was'

first obtained by boiling vulpinic acid (see below) with baryta-water.

It has been prepared synthetically from its nitrile, and by heating

bromobenzene and ethyl chloracetate with silver-dust :

—

CIl2(Cl)C02.C2H5 -hC6H3Br + Ag^ =

Cll,{C,ll,)CO,.C,U, + AgCl q- AgBr

Phenylacetic acid forms thin, brilliant plates, melting at 76°’5, and
boiling at 261°. Chromic acid oxidizes it to benzoic acid, and when
heated with lime it yields toluene. With chlorine, bromine, fuming
nitric acid, it gives substitution-products, resembling those of benzoic

acid.

Fhcnylacetonitrile CgHg.CIIg.CjST is a liquid resembling benzonitrile,

and boiling at 229°. It is obtained by distilling benzyl chloride with
potassium cyanide.

Vulpinic Acid C^gH^^^Og exists in Cetraria vulpina, Parmelia
parictina, and other lichens, and may be extracted from them by
chloroform. It crystallizes in lemon-yellow thick prisms, melting

at 110°. Boiling baryta-water resolves it into methyl alcohol, oxalic

acid, and phenylacetic acid :

—

q- 4HgO = CH,0 q- q- 2C3H3O.,

When it is boiled with dilute potash, it yields methyl alcohol,

carbon dioxide, and oxatoluic acid :

—

C19H14O5 + 3H.,0 =CH,0 + 2CO2 f C,gII,g03

Oxatoluic Acid forms four-sided prisms, melting at 154°, and is

monobasic like vul2:>inic acid. Concentrated boiling potash resolves

it into oxalic acid and toluene :

—

(,\gH,g()3 q- 11,0 = C,1I,0, -f 2C.H
3

Mcthyl-pdicvyl Ketone, or Acetyl-benzene CgKg.CO.CH3, is obtained

by distilling a mi.xture of calcium benzoate and acetate.

It is a limpid liquiil, boiling at 198°. By dissolving it in cold

concentrated nitric acid, it is converted into methjil-mononitrophcnyl

ketone CglI/N02)C0.CM3, wl.ich crystallizes in needles. An isomeride
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is obtained by the action of hot nitric acid on tlie ketone as an orange-

red, syrupy liquid.

Secondary Styrohjl Alcohol, OY Phenyl-methyl Carhinol^ j-CH-OH

is produced by the action of sodium-amalgam on an alcoholic solution

of the ketone. It crystallizes in long prisms, melting at 120°.

Phenylfjlycolyl Chloride CgHg.CO.ClIgCl is formed by passing

chlorine into the boiling ketone
;

it crystallizes in plates, melting at

41°, boiling at 246°, and possessing a pungent smell.

Phenylylycolyl Acetate C(.H5.C0.CH2.0C.2ll30 has been prepared
by heating the chloride with alcoholic and potassium acetate. It

crystallizes in large rhombic plates, melting at 44°, and boiling at

270°. Alcoholic potash converts it into 'phenylglycolyl alcohol, which
has not been obtained in a pure state.

Phenylglycollic Acid, or Mandelic Acid Cgl[5.CH(0H).C02lI, is

produced by heating an alcoholic solution of oil of bitter almonds,

prussic acid and hydrochloric acid for some time to 90°. It is readily

soluble in water, and crystallizes in prisms. On heating it with

hydriodic acid, it is reduced to phenylacetic acid, and oxidizing

agents convert it into benzoic acid. INIandelic acid is isomeric with
cresotic acid and tolyleneglycollic acid :

—

Tolyleneglycollic Acid. Mandelic Acid.

C„H,.CH(OH)CO,H

Cresotic Acid.

r OH
CcHai CH.,

(,CO,H

ETIIENYL-BENZENE, OR STYROLENE Cgllg.CoIIg.

This hydrocarbon, which has also been phcnyl-cthenc, occurs

in the liquid styrax (from Styrax officinalis), and is isolated by dis-

tilling this balsam with a solution of sodium carbonate to retain

cinnamic acid. It is also obtained by distilling cinnamic acid

CgHj;.C2H2.C02H with baiyta, and by heating styrolyl bromide with

alkalis or distilling secondary styrolyl alcohol with zinc chloride. It

appears to exist in coaitar, and is produced together with benzene

and other bodies when acetylene is heated to a dull-red heat.

Styrolene is a mobile, very refractive, and fragrant liquid, boiling

at 146°. When it is heated to 200°, it is converted into a polymeride,

called metastyrolene

;

this transformation also takes place slowly at

the ordinary temperature. By distillation it is reconverted into

styrolene.

Distyrolene C^gHjgis formed by heating styrolene with hydrochloric

acid to 170°; it is an oily liquid, which on distillation does not yield

styrolene.

The hydrocarbon existing in styrax is optically active, possessing a

right-handed rotatory power; but that obtained from cinnamic aCid is



THE CAEBON COMPOUNDS. 385

inactive. Styrolene is an aromatic olefine, and combines readily with

the elements of the chlorine group.

Styrolene Diehloride CgHg.CgHgClg is a liquid which, on distilling

it alone or with lime, is resolved into hydrochloric acid and mono-

chlorostyrolene CgH^. CgH^Cl.

Styrolene Dihroniicle CgHg.CgHgBr.^ crystallizes in broad needles,

possessing a pungent aromatic odour. It melts at 67°, and distils

at 230°.

Styrolene Di-iodide CgHg.C
2
TT

3
T
2
separates out in crystals on add-

ing styrolene to a solution of iodine in potassium iodide. It is an

unstable body, which easily decomposes into iodine and metastyrolene.

Nitrostyrolene CgH^(N02)C2H3 is formed by dissolving styrolene in

fuming nitric acid. It crystallizes from alcohol in large prisms,

possessing a pungent and aromatic odour.

ETHINYL-BENZENE, OR ACETENYL-BENZENE, CgHg.CgH.

This hydrocarbon is formed by heating styrolene dibromide with

an alcoholic potash-solution :

—

CgHg.CIIBr—ClfigBr = CgH^.C^CH -f 2HBr

It has also been obtained from methyl-phenyl ketone, by a re-

action corresponding to the formation of allylene from dimethyl
ketone. Phosphorus pentachloride converts the ketone into the

dichloride CgHg.CClg.CHg, which with alcoholic potash yields ethi-

ny1-benzene.
It is a limpid and very refractive liquid, boiling at 140°, and

possessing an aromatic odour. In its chemical properties it shows
the greatest analogy to acetylene and allylene.

Sodiuni-ethinyl-henzene CgHg.CgNa is produced by adding sodium to

an etherial solution of the hydrocarbon
;

it is a white powder, which
in the air rapidly absorbs oxygen, and becomes red-hot, leaving a

residue of carbon, and sodium carbonate. Water decomposes it into

ethinyl-benzene, and caustic soda.

Silver-ethinyl-henzene CgHg.CgAg is obtained as a light-grey preci-

pitate by adding an alcoholic solution of the hydrocarbon to an
ammoniacal silver-solution.

CgIIgC2

duced by adding a very dilute alcoholic solution of ethinyl-benzene

to an ammoniacal solution of cuprous chloride.

}
C 1I

2
is a yellow precipitate, pro-

n c c
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COMPOUNDS WITH NINE ATOMS OF CAKBON.

The compounds of this group are derived from the following

hydrocarbons :

—

Trimethyl-benzenes f
j\[esitylene

(
Pseudocumene

cir,

CH3
CII3

j\Tethyl-ethyl-beiizene f CII3

1 C3H,

Propyl-benzene ....

Isopropyl-benzene or Cumene

Allyl-benzene

c,u,.c,Y[,

(
' IT ni ^

CCH5.C3H,

TPIMETHYL-BENZENES CyigCCHglg.

MESITYLENE, OR I'S'd TRIMETHYL-BENZENE

Occurs together with pseudocumene in coal-tar, and is produced by
acting with sulphuric acid on acetone. Each molecule of this com-
pound loses one molecule of water, and the residues CHg — C—CTl

combine, three methyl-ethines being condensed to trimethyl-benzene,

just as three moleciiles of ethine form one of benzene. (See page 318.)

This reaction shows that the methyls occupy the symmetrical position

1-3-5.

Pure mesitylene is prepared by pouring one volume of acetone on

some sand placed in a retort, and then adding a cold mixture of one

volume of sulphuric acid and half a volume of water.

After 24 hours, the mixture is distilled, and the distillate purified

by continued fractional distillation. Pure mesitylene is a refractive

liquid, possessing a peculiar smell, and boiling at 163°.

Monochlo7'07nesiti/lcne CgH2Cl(CH3)3 is a limpid liquid, boiling

at 205°.

Dichloromcsitylcne €^11012(0113)3 crystallizes from alcohol in shining

prisms, melting at 59°, and boiling at 205°.

Trichloromesitijlenc 03013(0113)3 melts at 204°, and sublimes in long

prisms.

Tliese three compounds are formed by the action of chlorine on

cold mesitylene.
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Monobromomesitylene CgH2Br(0H3)3 is a liquid, boiling at 225°, and

solidifying below 0°.

Dibromo- and Tribromomesitylene are crystalline solids
;
the former

melting at 59°, and the latter at 244°

Mononitromesitylene CqH2(N02) (0113)3 is produced, together with

mesitylenic acid, by heating mesitylene with common nitric acid. It

crystallizes from alcohol in long, thick prisms, melting at 41°, and
boiling between 240° to 250°

Dinitromesiiylene CgH(N02).2(CIl3)3 is formed by dissolving the

hydrocarbon in fuming nitric acid, and crystallizes in thin brilliant

needles, melting at 8G°.

Trinitromesitykne Cg(N02)3(CH3)3 is obtained by acting on
mesitylene with a mixture of concentrated nitric acid and sulphuric

acid. It is sparingly soluble in alcohol, and crystallizes in needles,

melting at 232°.

Amidomesitylene CgHg (NIT,) (0113)3 is but slowly formed by boiling

nitromesitylene with hydrochloric acid and tin. It is an oily liquid,

and forms crystalline salts.

Diamiclomesitylene OgH(NH2)2(OH3)3 crystallizes from hot water in

long, white needles, melting at 90°, and forms crystallizable salts.

Mesitylenesulphonic Acid OgH2(OH3)3S03H.—Mesitylene dissolves

in warm fuming sulphuric acid, and on cooling the sulphonic acid

crystallizes out in needles. By fusing it with caustic potash, it yields

oxymesitylenic acid, and isoxylenol (see page 376).

Hexahydromesitylene OgHg(OH3)3 has been produced by heating
mesitylene and phosphonium iodide gradually to 280° :

—

CeH3(OH3)3 + 3PH,I = OgHg(OH3)3 + 3PI

It is a liquid boiling at 136°, and smelling like j)etroleum.

Oxidizing agents act on it but slowly, and fuming nitric acid con-

verts it only on boiling into trinitromesitylene.

PSEUDOCUMENE, OR l‘3-4 TRIMETHYL-BENZENE.

This name was originally given to a liquid boiling at about 166°,

which is obtained by the fractional distillation of coal-tar naphtha.

Piecent researches have, however, shown that this body is a mixture

of mesitylene, and an isomeride for which the name pseudocumene

has been retained.

Pure pseudocumene has been obtained by acting with sodium on

a mixture of methyl iodide, and either bromo-isoxylene or bromo-

methyltoluene, from which it appears that the three methyls occupy

the position 1‘3‘4.

Monobromo'pseudocumenc CgH2Br(CH3)3 is formed by acting with

bromine on well-cooled pseudocuniene. It crystallizes from hot

alcohol in thin plates, melting at 73°.

c c 2
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Dibromopseudocumene CgTIBi’2(Cn3)3 is a heavy liquid, and trihromo-

p>seudocumene Cj.P>r3(Cir3)3 a solid, which is sparingly soluble in alcolioi,

and crystallizes in fine needles.

Mononitropseudocumene CqH2(N02)(CH3)3 is obtained by adding
pseudocumene drop by drop to well-cooled, fuming nitric acid, and
crystallizes from alcohol in colourless and very refractive prisms,

melting at 71°, and boiling at 265°

I)initropse2idocumene CQlI(jSr02)2(CIT3)3 is obtained in small quantity,

together with the trinitro-compound, by heating mononitropseudo-
cumene with concentrated nitric acid

;
it is a heavy, thick, yellow,

oily liquid.

Trinitropseudocmnenc C(.(N02)3(C 113)3 crystallizes from benzene in

hard, transparent, square prisms, melting at 185°.

A midopscitdocumene tl2(N 1
1 2)

(C 1 13)3.—When nitropseudocumene
is heated with tin and hydrochloric acid, it dissolves, and, on cooling,

shining plates of the double salt 0(511.2(0113)3X11361 -f SnOlg
crystallize out. By passing hydrogen sulphide through its aqueous
solution, and evaporating the filtrate, amidops£udQcumcne hydrochloride

is obtained in long prisms. The free base crystallizes from alcohol or

hot water in silky needle.s, melting at 62°.

ACIDS DERIVED FROM THE TRIMETFIYL-BENZENES.

Mesitylenic Acid 05113(0113)200.211 is formed by boiling mesity-

lene with dilute nitric acid. It is sparingly soluble in water, but

freely in alcohol, and crystallizes in plates, resembling benzoic acid,

and melting at 166°. Calcium mesitylenate 2[(05lIo(0Il3).2C02)2Ca]

is as freely soluble in cold as in boiling water, and forms

crystalline crusts
;
on distilling it with lime, it yields isoxylene.

Oxymesitylenic Acid 05X12(0113),
|

is formed by heatingo

potassium mesitylenesulphonate with caustic potash to 250°:

—

SO3K
Oil

rs(

3 Cl

)
OH

(on:

3 + 3XOII = 0..1X,

i OK
3 oil

)
OH

( 00 ,

3
-f IC,SO, -p 311,

oo.;k

It sublimes in dazzling white needles, melting at 176°, and gives a

deep-blue colour witli ferric chloride.

Uviiic Acid 05X13(0113)
|

—This acid was first obtained V

boiling pyruvic acid with baryta- water, and it is also produced Ic

oxidizing mesitylene with nitric acid. Xt crystallizes from boiling

water in fine needles, melting at 287°. On heating it with lime, it

is resolved into carbon dioxide and toluene. Xts nitrile has been
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obtained by beating potassium ortliocblorotolueiie-sulpbonate with

potassium cyanide.

rco.H
Trimesitic Acid CgHgK CO

2
H is obtained bv oxidizing mesitylenic

i co.“n
or uvitic acid with chromic acid-solution. It crystallizes from boiling

water in hard, thick prisms, melting at 3U0'^ Normal larimii

mesitate [CgH
3(COo) 3].2

Ba
3 -f 2 II.

2
O is a crystalline precipitate,

which is almost insoluble in water. Acid barium mesitate

Cgllg
I

+ 4H
2
O is obtained in needles, by adding a solution

of the acid to barium chloride
;

it is sparingly soluble in cold, and
more freely in boiling water.

Xylic Acids CyH3(CH3)2CO.,H.—When pseudocumene is boiled

with dilute nitric acid, two isomeric acids having this conpiosition

are formed. They are separated from the dibasic xylidic acid,

which is formed at the same time, and nitro-])roduct.s, by distilling

repeatedly with wxater. The distillate is neutralized with sodium
carbonate, and distilled to remove some nitropseudocumene, and
the concentrated solution decomposed with hydrochloric acid. The
acids are then converted into the calcium salts, which are separated

by recrystallization, the xylate being much more soluble in water
than the paraxylate.

Xylic acid is sparingly soluble in water, and crystallizes from
alcohol in large prisms, melting at 126° The same acid has been
obtained by acting with carbon dioxide on a mixture of sodium and
monobronio-isoxylene. By heating it with lime it yields isoxylene.

These two reactions show that if the carboxyl has the position 1
,
the

two methyls are in 2 and 4.

Chromic acid oxidizes xylic acid to carbon dioxide and acetic acid,

no tribasic acid being formed.

Paraxylic Acid crystallizes from alcohol in large pointed prisms,

melting at 163°. On heating it with lime, it is resolved into carbon
dioxide and orthoxylene, showing that the two metliyl-groups are in

the position 3 ’4.

Xylidic Acid CO
2
H is almost insoluble in water, and crys-

tallizes from alcohol in granular nodules, melting at 291°, and sub-

liming in hard needles.

ETHYL-METIIYL-BENZENE C^H

,

0 4 {
dig

This hydrocarbon has been obtained from parabromotoluene and
inetliyl iodide. It is a liquid boiling at 159°, and yielding by oxida-

tion paratoluic and terephthalic acids.
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( CO H
Mhjlhcnzoic Acid C,.II. -] ^ ,2 has been produced by oxidizing

diethyl-benzene with dilute nitric acid, and by passing carbon dioxide

into a mixture of ethyl-monobroinobenzene and sodium. It crystal-

lizes, like benzoic acid, in Hat, brilliant needles, melting at 110 °.

Chromic acid oxidizes it to terephthalic acid.

Alpliaxylic Acid Cgll is
C CH

I \ —The nitrile of this acid
4 (

CHg.COgH
f(jrmed by heating tolyl chloride with potassium cyanide

;
by boiling

it witii caustic potash it yields the acid, crystallizing from boiling

water in shining thin plates, melting at 42°.

PKOPYL-BENZRNE Cgllg.Cgll^

Has been prepared by acting with sodium on a mixture of propyl

bromide and bromobenzene. It is a liquid boiling at 157 °. On heat-

ing it with a mixture of sulphuric and nitric acids, it yields a liquid

trinitro-compoiind
;
and with bromine it forms 2'^^'OE>yl-tetrahromo-

henzenc CgHB 1^.03117, a viscid liquid.

Phenyl'jy)^02oyl Alcohol CgH5.C3Hg.OH is found together with cinnyl

alcohol CgH5.C3II4.OH (see next page), and is also formed by acting

with sodium-amalgam on an aqueous solution of the latter compound.
It is a liquid boiling at 235 °.

Phcnyl2yrop)ionic Acid CgH5.C2H4.COoH.—This compound is also

called hydrocinnamic acid, because it was first obtained by acting

with sodium-amalgam on an aqueous solution of cinnamic acid

CgH5.C2lI2.CO2H. It is also produced by heating styrolyl chloride

with potassium cyanide and alcohol, and boiling the solution with

l)otash, and by oxidizing phenylpropyl alcohol with chromic acid. It

crystallizes from boiling water in long, thin needles, melting at 47 °,

and boiling at 280 °.

Paranitroj)hcnyl2yro-pionic Acid CgH4(N02)C3ll502 is produced by
dissolving phenj'lpropionic acid in very cold fuming nitric acid. It

crystallizes from water in small, flat, brilliant needles, melting at

164 °. Chromic acid oxidizes it to paranitrobenzoic acid.

Pcyizyl-methnjl Ketone CgHg.CHg.CO.CHg is a liquid boiling at 215°,

wliicli has been obtained by the action of zinc inetliide on the chloride

of [)henylacetic acid. Chromic acid oxidizes it to acetic acid and
benzoic acid.

CUMENE, OR ISOPKOrVL-BENZENE CgH5.CH

This hydrocarbon exists in Roman cumin-oil, and is obtained arti-

ficially by distilling cnmic acid Cgll4(C3H-)C02H with lime. It boils

at 151 °, and give.s, with nitric acid, a crystalline trinitrn-compound :
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and with excess of bromine it yields 'pentrahroviocumene, crystallizing

in tine needles, melting at 109°. Cumene has not yet been obtained

synthetically
;
but as it yields benzoic acid by oxidation, and boils at

a lower temperature than propyl-benzene, it must be isopropyl-

benzene, because isopropyl-compounds boil always at a lower tem-

perature than the corresponding normal propyl-compounds.

ALLYL-BENZENE, OR PIIENYL-PROPENE CgU^.CsHj^.

This hydrocarbon is formed, together with phenylpropyl alcohol,

by treating an aqueous solution of cinnyl alcohol with sodium-
amalgam :

—

CglL—CH=CH—CH^.OH + = CgH —CH=CH—CH
3 + H 2

O

It is a liquid boiling at about 170°, and yielding, with bromine,

phenyl-jpropene dibromide, CgHg.CgHgBrg, crystallizing from alcohol in

large plates, melting at 66°’5.

r ocH
Anethol or Allylplienol-methyl Ether CgH^-<

q pj
^ is the principal

constituent of oil of anise-seed and similar oils (see page 371), and
crystallizes in soft shining scales, melting at 20°, and boiling at 225°.

By heating it with solid caustic potash, it is resolved into methyl
alcohol and Anol, or Allyl-phenol, CgH^(OH)C

3
H

5 ,
crystallizing in

small shining plates
;

it distils with partial decomposition, and readily

oxidizes in the air.

f OCH
Eugenol, or Eugenic Acid CgH

3
(OH)

| q jp
exists in oil of cloves

{Caryophyllus aromaticus), in oil of pimento [Myrtus pimenia and M.
communis), and in the volatile oils of Laurus nobilis, Persea caryo-

phyllata, and Canella alba. It is obtained by treating oil of cloves

with caustic potash, which dissolves the eugenol, whilst a terpene

^10^16 behind. By passing carbon dioxide in the filtered and
boiled solution, eugenol is set free -as a colourless and very refractive

liquid, which soon assumes a brown colour. It boils at 253", and
possesses an aromatic odour and a very pungent and hot taste. When
heated with strong hydriodic acid, it yields methyl iodide and a red
resin Cgll^gOo; and by fusing it with potash, it is resolved into acetic

acid and protocatechu ic acid.

(JINNYL-COMFOUNDS.

Cinnyl Alcohol, or Phcnytallyl Alcohol CglL.C
3
M^.OH.—Liquid styrax

(page 384) is a mixture of styrolene, cinnamic acid, the cinnamic
ethers of phenylpropyl alcohol, and cinnyl alcohol and resins. To
obtain cinnyl aleoiiul, the balsam is di.stilled with water to volatilize
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styroleiie, and the residue boiled with a solution of sodium carbonate,

which removes the cinnamic acid. The residue is treated with cold

alcohol to dissolve the resins, and the remaining ethers are separated

by crystallization from a mixture of alcohol and ether or benzene.

The pure crystalline cinnyl cinnamate is boiled with concentrated

caustic potash, and thus cinnyl alcohol is obtained, crystallizing in

shining needles. It melts at 33°, boils at 250°, and possesses a
fragrant odour like hyacinths.

Cinnyl Chloride Cgll^^.Cgll^Cl is obtained by heating the alcohol

with hydrochloric acid. It is a heavy, oily liquid, which possesses an
aromatic odour, and is decomposed by heat.

Cinnyl Iodide C^jll^.C.^lI^l is a similar body, and produced by treat-

ing the alcohol with iodine and phosphorus.

Cinnylamine Cgll5.C.^ll4.NH2 is obtained by tlie action of alcoholic

ammonia on the chloride. It separates from ether in small crystals,

wiiich on heating volatilize in vapours, possessing an alkaline odour.

CINNAMYL-COMPOUNDS.

Cinnamcddchyde CgH5.C2H2.COH is the chief constituent of oil of

cinnamon (from Fersea Cinnamonmm) and oil of cassia (from Fersca

Cassia). It is produced artificially by oxidizing cinnyl alcohol with

])latinum-black in the presence of air, and by distilling a mixture of

calcium cinnamate and formate. It has also been obtained by satu-

rating a mixture of benzaldehyde and acetaldehyde with hydrochloric

acid. This reaction is quite analogous to the formation of croton-

aldehyde from acctaldeli3'de (page 2G7) :

—

Cgllg.CllO + CII3.COII = CgH5.CH=CH—COH -p H2O

Pure cinnamaldehyde is obtained by agitating oil of cassia with

a concentrated solution of acid potassium sulphite; a crystalline

magma is formed, which is pressed, dried, washed with dilute alcohol,

and then decomposed with dilute sulphuric acid.

Cinnamaldehyde is a colourless, heavy, oily liquid, possessing a very

fragrant odour. It volatilizes Mutliout decomposition only in vacuo or

with steam. It absorbs readily oxygen, and is converted into cin-

namic acid
;
dilute nitric and chromic acids oxidize it to benzaldehyde

and benzoic acid.

Cinnamic Acid, or Fhenylacrylic Acid CgH5.C2H2.CO2H exists in

styrax, in balsam of Peru and Tolu, and in several kinds of gum-
benzoin. It has been produced artificially by passing carbon dioxide

into a mixture of monobromostyrolene and sodium, and by heating

oil of bitter almonds with acetyl chloride;

—

(1) CglT5.COH + CH3.COCI = CgH5.CH=CH.COCl -f- H2O

(2) CgH5.CH=--CH.COCl -P H2O = CgH5.CH=CH.CO.OH + HCl
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Cinnamic acid is generally ijrepared by distilling liquid styrax with

a solution of sodium carbonate, and precipitating tlie filtered residual

solution with hydrochloric acid. The precipitate is purified by crys-

tallization or sublimation. It crystallizes from boiling water in fine

needles, and from alcohol in transparent prisms, melting at 133°,

and boilins at 300°. Its salts resemble the benzoates
;
ferric chloride

produces in a neutral solution of a cinnamate a yellow precij^itate.

Oxidizing agents convert it into benzaldehyde and benzoic acid,

and nascent hydrogen combines with it, forming plienylpropionic acid

(page 390).

’When cinnamic acid is fused with caustic ])otash, it is resolved into

acetic acid and benzoic or phenylformic acid, and when distilled with

slaked lime it yields carbon dioxide and styrolene.

Nthyl Cmnamate
|
0 is prepared by dissolving the

acid in absolute alcohol, and passing hydrochloric gas into the solu-

tion. It is a fragrant, oily liquid, boiling at 267°.

Benzyl Cinnamate, or Cinnamein
|

occurs in balsam

of Peru and Tolu, and has been prepared by sodium cinnamate with

benzyl chloride. It crystallizes from alcohol in small, brilliant prisms,

melting at 39°, and possessing an agreeable odour.

Cinnyl Cinnamate, or Styracin 1 0.—The preparation

of this compound has already been described (page 391). It crystal-

lizes in needles, melting at 50°, and possessing a fragrant odour.

Nitrocinnamic Acid CgH^(ISr02)C3
ll30 .^

exists in two modifications,

which are formed by dissolving cinnamic acid in cold concentrated
nitric acid.

Paranitrocinnamic Acid is but sparingly soluble in boiling alcohol,

and crystallizes in small needles, melting at 265°. Chromic acid con-

verts it into paranitrobenzoic acid.

Metanitrocinnamic Acid is more freely soluble in alcohol, and
melts at 232°

;
on oxidation it yields metanitrobenzoic acid.

Phenyldihromopropionic Acid CgH3.C2H2Br2.CO.2H is readily formed
by combining cinnamic acid with bromine. It crystallizes from
alcohol in small rhombic plates, and yields, when heated with alco-

holic potasli, two isomeric monobromocinnamic acids.

Phcnylpropiolic Acid CgII
5
.C

2
.CO

2
H stands in the same relation to

cinnamic acid as stearolic to oleic acid, and is obtained by boiling

a monobromocinnamic acid with alcoliolic potash, or by suspending
sodium-ethenyl-benzene in ether, and passing carbon dioxide into

it ;

—

CeH5.C=CNa -P CO2 - CgII5.C-3C.CO.2Ha

It crystallizes in white, silky needles, melting at 136°. It combines
with two molecules of bromiue or hydrogen, and is resolved by beat-

ing it with baryta into carbon dioxide and ethinyl- benzene.
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PHENYL-LACTIC ACIDS.

Phenylchlorolactic Acid CgHg.CgHgCirOHjCOgH is formed by
passing chlorine into a solution of sodium carbonate and cin-

nainate :

—

rci
C,H,.C2ll2.C02K -f CIOII = OH

'
( COJi

It crystallizes from water in small hexagonal plates, containing one
molecule of water.

Phenylhromolactic Acid CgH
5
.C

2
H

2
Br(0H)C02H is a very similar

compound, which is obtained, together with hydrobromic acid and
some bromostyrolene and carbon dioxide, when phenyldibroniopro-

pionic acid is boiled with water ;

—

CeH5
.C

2
H

2
Br

2
.CO

2
H + H

2
O = CeH5

.C
2
H

2
Br(0HjC02H -f HBr

Phenyl-lactic Acid CeHg.C2
H

3(
0H)C02H.—When either of the pre-

ceding compounds is treated with water and sodium-amalgam until

hydrogen is briskly evolving, they are converted into phenyl-lactic

acid, which is isolated by neutralizing the solution with liydrochloric

acid, and evaporating it on a water-bath. The residue is acidulated

with hydrochloric acid and shaken with ether. On evaporation the

etherial solution, impure phenyl-lactic acid, is left behind, which is

crystallized from liot water. It forms Hat, pointed needle.s, melting at

94°, and is resolved at 180° into water and cinnamic acid. By heating

it with hydrobromic or hydrochloric acid, the hydroxyl is again

replaced by bromine or chlorine.

Phenyl2M7'alaciic Acid, or Tronic Acid Cgllg.CH
|

been obtained by heating atropine (see Alkaloids) gently with baryta-

water, or by leaving it in contact with fuming hydrochloric acid.

From a hot aqueous solution it separates in slender inisms, melting
at 118°.

Atroinc Acid C(.H
5
.C

2
H.

2
-C02H is formed wlien tropic acid is heated

with concentrated baryta-water to 136°. It crystallizes from water in

needles, and from alcohol in plates, melting at 106°-5, and possessing

an aromatic, pungent smell, like benzoic acid. Chromic acid oxidizes

it to benzoic acid
;
and, by fusing it with potash, it is resolved into

formic acid and phen.ylacetic acid (while the isomeric cinnamic acid

yields acetic acid and pheuyl-formic acid) :
—

CH„

Cgll^.C -1 2KOH = CeH^.CH,—CO 2K CHKO„ -f H,
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It combines with one molecule of bromine, and with nascent

( CH
hydrogen, forming oily hydratopic acid CgHg.CH

|
Isatro'pic Acid is isomeric, or probably polymeric, with atropic acid,

and formed together with the latter, when tropic acid is heated with

hydrochloric acid to 140°. It is sparingly soluble in boiling water,

and less freely in alcohol than atropic acid, and forms microscopic,

monoclinic crystals, melting only at about 200°. It does not combine
with nascent h}-drogem

OXYPIIENYL-PROnONIC ACIDS.

riiloretic Acid Cgll^
| qq is a product of decomposition of

phloretin (see Glucosides), and crystallizes from boiling water in

brittle, prismatic crystals, melting at 130°. When heated with baryta,

it splits up into carbon dioxide and phlorol (page 382). On fusing it

with potash, it yields para-oxyben zoic acid.

Hydroparaciimaric Acid CgH^
| C.^ CO II

I>een obtained by

reducing paranitrophenylpropionic acid with tin and hydrochloric

acid, and converting the amido-acid into a diazo-compound, which,

when boiled with water, yields oxyphenylpropionic acid. It crys-

tallizes from water in small, monoclinic prisms, melting at 125°, and
yields by oxidation para-oxybenzoic acid.

As both phloretic and hydroparacumaric acid are so easily con-

verted into para-oxybenzoic acid, they contain the two side-chains in

the position 1'4, and their isomerism must be caused by the group
Cgll^.OII replacing different hydrogen atoms in propionic acid, thus

:

Cgll^.OH CglT,.OH

IIX—CH- -CO^H H.3C- -CH2-C0,H

J OHTyrosine, or Oxyphenylamidopropionic Acid CgH^
| ^

y-

is either a derivative of phloretic acid or of parahydrocumarie acid.

It has not been obtained by synthesis, but is a product of decomposi-
tion of animal substances, such as proteids, hair, feathers, horn, &c.,

and exists in old cheese (rupo?, cheese). It is generally prepared by
boiling horn-turnings with dilute sulphuric acid for several hours, and
saturating with milk of lime. By adding hydrochloric acid to the

concentrated solution, tyrosine is precipitated, while leucine (page 234)
remains in solution.

Tyrosine is sparingly soluble in cold water and alcohol, and crys-

tallizes from hot water in slender needles. Tyrosine is a phenol, and
at the same time possesses, like other amido-acids, the properties of a
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base and an acid. By dry distillation, it yields phenol and other

products
;
but, when heated very carefully, it is resolved into carbon

dioxide and oxyplimyl-ethylamine CgH^(OH)C
2
ll

4
.NH

2 ,
a white, crys-

talline sublimate, having an alkaline reaction, and forniing crystal-

lizable salts. AVhen tyrosine is fused with potash, it yields ammonia,
acetic acid, and paraoxybeimoic acid

;
and when heated with hydriodic

acid, it is resolved into ethyl-phenol (or an isomeride), carbon dioxide,

and ammonia :

—

I JIV, (
N]i„ + 2H1 = C„H,

{ + CO., + NH3 + \
(. | CO2II

Tyrosine dissolves in hot sulphuric acid, yielding sulpho-acids,

which are coloured violet by ferric chloride. On heating an aqueous
S(dution of tyrosine with mercurious nitrate, it assumes a red colour,

and then a reddish-brown precipitate is formed.

occursMclilotic Acid, ox llydrocumaric Acid CO H
in the yellow melilot {Mdilotus officinalis), and in the fragrant Faham-
leaves. It crystallizes from water in large, pointed prisms, melting at

82°. By distillation it is resolved into water and mclilotic anhydride

„ ^CO, a crystalline solid, melting at 25°, and boiling at

On fusing mclilotic acid with potash, it yields acetic acid and272°

salicylic acid.

OXYPHEN Y L-ACliYLIC ACIDS,

Paracum.aodc Acid
CO. II

pi’epared by exhausting

aloes with dilute sulphuric acid, and treating the residue with ether.

It crystallizes from boiling water in brittle needles, melting at 180°.

Nascent hydrogen converts it into hydroparacumaric acid.

(Oil
Cn 7iiaric Acid CO. II

together with melilotic

acid, and crystallizes from water in long needles, melting at 195°
;
by

treating it with water and sodium-amalgam, it is converted into meli-

lotic acid.

Cuniarm, or C^uiiaric Anhydride Ogll^
l q

^CO, is found, com-

bined with cumaric acid or melilotic acid, in the melilot and the

Faham-leaves, and exists in the free state in the Tonka-bean {Dip-

tcrix odorata), in the sweet woodruff {Aspcrula odoreda), and in the

g^veet-scented vernal grass {Anthoxanilnnii odorat^nn). It is readily

obtained by exhausting tonka-beans with alcohol
;
and has been pro-

duced artificially by heating sodium-salicylaldehyde with acetic anhy-

r

I

[

I
*

t
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clricle, sodium acetate being formed, and acetyl is set free, which

combines with the aldehyde-residue with the elimination of water :

—

ro
C H -

'“6 4

(

icHO '

CIT

CO r 0
+ 1

3

CO
)

I

+ n,o
( CII=CH

Cumariii is sparingly soluble in cold water, more freely in alcohol

and boiling water, and crystallizes in large transparent prisms, pos-

sessing a very fragrant odour. It melts at 67°, and boils at 291°. By
heating it with potash and a little water, it is converted into potas-

sium cumarate, and sodium-amalgam and water transform it into

melilotic acid.

By acting on sodimn-salicylaldehyde with butyric or valerianic

anhydride, honiologues of cumarin are formed, which also possess a

framant smell.O

Caffeic Acid C(.ll
3
| (y jp

occurs as glucoside, called caffee-

tannic acid, in coffee, and is conveniently porepared by boiling coffee-

extract with caustic p)otash. It is sparingly soluble in cold water,

and crystallizes from boiling water in small, glistening plates. On
heating, it yields pyrocatechin

;
and by fusing it with potash, it is

resolved into acetic acid and protocatechnic acid :

—

C0H3 f
(OH).,

I C.2H,.C0.2H
+ 2KOH = CjH,

I
+ C.HjKO, + H,

Hydrocaffcic Acid CgH,
| j£

is formed by adtiing sodium-

amalgam to a hot solution of caffeic acid
;

it crystallizes from water
in rhombic prisms. Its aqueous solution gives, with ferric chloride,

an intensely green colour, which changes into cherry-red by adding
sodium carbonate. Caffeic acid gives a similar reaction.

Unihdliferon exists in the bark of the mezereon, and is also

pu’oduced by the dry distillation- of galbanum, and similar gum-
resins. Brorn boiling water it crystallizes in rhombic pDrisms, melting

at 240°. It contains one hydroxyl, the hydrogen of which is easily

rep^laced by acid radicals. Concentrated boiling p3otash resolves it into

formic acid, acetic acid, and resorcin. It appears, therefore, to be a
oxycumarin :

—

CoHs

OH
0 CO

I

CII=CH

-P 4KOH = Cyi,
I

-P CHKO., +
CO.OK

I
+ H”2^^

CHg

. Umbellic Acid CgH3(0H„)CoH^.C02H is produced by adding sodium-
amalgam to a hot solution of umbelliferon. It forms granular crystals,

melting at 125°. Its aqueous solution is coloured green by ferric

chloride.
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Vemtric Acid CgH7(0H2)C02li.— This isomeride of hydrocaffeic

and umbellic acids exists in sabadilla-seed ( Vcratmiin Sabadilla), and
crystallizes from boiling water in prisms. When heated with caustic

baryta, it is resolved into carbon dioxide and veratrol CgHg(OH)2,

a colourless oil, possessing an aromatic odour, boiling at 205 °, and
solidifying at 15° to a crystalline mass.

Veratrol is either a dimethyl-dioxybenzene or an ethyl-dioxybenzene.

OOxMPOUNDS WITH TEN ATOMS OF CARBON.

We know the following hydrocarbons belonging to this group :

—

Tetraniethyl-benzene . ..

Dimethyl-ethyl-benzene .

Methyl-propyl-benzene .

Methyl-isopropyl-benzene

Diethyl-benzene . . .

Isobutyl-benzene . . .

Butenyl-benzene . . .

CHg

CII3

(
CH3

. C«H3- C.2H,

. CJI

(OH3

CH3
C3H,

f CH,

1 CH(CH3)2

C H I
^2^5

• C,H3.C2H3(CH3)2

Tetrametliyl-bcnzene, or Durenc 0,51-12(0113)4.—This hydrocarbon does
not exist in coal-tar, but has been obtained artificially by the action

of sodium on a solution of methyl iodide and monobromopseudo-
cumene in pure ether. Durene is the only homologue of benzene
which is solid at the ordinary teinperature (cluriis, hard), and crystal-

lizes from alcohol in compact, oblique prisms, melting at 80 °, and
boiling at 190 °. It is lighter than water, and possesses a faint odour
resembling that of benzene.

Dinitrodurene C,5(N02)2(CH3)4 is formed by dissolving durene in

cold concentrated nitric acid, and crystallizes from alcohol in colour-

less, rhombic prisms, melting at 205 °, and subliming in brilliant

needles.

Dihromodurcnc CgBi’2(CH3)4 is obtained by the action of cold

bromine on durene, and is but sparingly soluble in boiling alcohol.
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It forms long, slender, silky needles, melting at 15 j 9°, and subliming

without decomposition.

Ciimylic Acid This monobasic acid has been pre-

pared by boiling durene with dilute nitric acid. It is very sparingly

soluble in water, and crystallizes from an alcoholic solution in hard,

glistening needles or brilliant prisms, melting at 150°. It easily vola-

tilizes, and sublimes in slender needles.

Cumidic Acid
|

formed, together with cumylic

acid. It is but sparingly soluble in water, and scarcely in benzene
;

and is obtained in long, transparent prisms by adding benzene to its

alcoholic solution. It sublimes at a high temperature without pre-

viously melting.

DIMETHYL-ETHYL-BENZENE, OK ETHYL-TSOXYLENE C IT f (0113)2,

^ 1 O2H,

Has been obtained by acting with sodium on a mixture of ethyl

bromide and monobromo-isoxylene. It is a colourless liquid, boiling

at 184°.

DIETHYL-BENZENE 03114(02115)2

Is formed by acting with sodium on ethyl bromide and ethyl-mono-

bromobenzene. It boils at 179°, and yields, on oxidation, ethylbenzoic

acid and terephthalic acid.

METHYL-PROPYL-BENZENE CeH, i O3II7

I
CII3

•

This compound is formed by the action of sodium on a mixture of
1'4 bromotoluene and propyl bromide. It boils at 179°, and yields

thick, oily nitro-compounds. Dilute nitric and chromic acid oxidize

it to paratoluic acid and terephthalic acid.

3)2

Oymene has not been produced by synthesis, but occurs, together
with cumic aldehyde, in Homan cumin-oil (Guminum Cyminum), and
in the oil of the water-hemlock {Gicuta virosa), and mixed with
thymol and a terpene in oil of thyme [Thym'iis vulgaris), and the oils

of Ptychotis Ajoivan, and Monarda yunctata, and other volatile oils.

Cymene has been obtained by abstracting two atoms of hydrogen

CYMENE, OR METHYL-ISOPROPYL-BENZENE Cgll^
ICH3
i CH(CH
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from oil of turpentine (pcage 301), and is most conveniently prepared
by distilling camphor with phosphorus pentasulpliide :

—

5C\oir,«o + + ssir^ + j\o.

The product is washed witli soda-solution, and distilled over
sodium.

Cymeiie is a colourless, refractive liquid, possessing an aromatic
smell, and boiling at 175°. Tt yields the same oxidation-products as

methyl-])ropyl- benzene, but dilfers from it, not only by its lower
boiling-point, but also by yielding crystalline nitro-products.

r cir
Thymol

)

occurs in the above-mentioned

volatile oils, and is prepared by shaking oil of thyme with soda-solu-

tfon, and decomposing the liquid, after the hydrocarbons have been
removed, by hydrochloric acid.

Thymol crystallizes in rhombic plates, melting at 44°, and boil-

ing at 230°. It possesses a peppery taste and the odour of

thyme. Phosphorus pentoxide resolves it into 1‘3 cresol and propene,
and phosphorus pentachloride converts it into monochlorocymenc
CgllgC^CHg) 011

(0113 ) 2 ,
which, by acting with sodium-amalgam on

its slightly acid, alcoholic solution, is transformed into cymene.
r Qjq

Thymoquinone 0gH202"
| CH(OH )

^yo^^idizing thymol

with manganese dioxide and sulphuric acid
;

it forms yellow pris-

matic plates, possessing a strong aromatic odour.

Thymohydroquinone OgH,(OH)
2
1 ^

forms colourless, trans-

parent needles, and is obtained by treating the quinone with sul-

phurous acid.

Both compounds readily combine, and form thymoquinliydronc,

which crystallizes in black, shining needles, and has a constitution

analogous to that of quinhydrone (page 340).

r CK
Oxycymcne, or Cymophcnol CgH

3
(OII)

|
•— Tliis isomeride

of thymol has been obtained by dissolving cymene in sulphuric acid,

and fusing the product with potash. It is also produced by tlio

action of iodine on camphor. Cymophenol is a thick, colourless oil,

which docs not solidify at a low temperature, and smells like Pussian

leather.

r ClI
Thiocymcnc 0

^113 (811 )
-| 1

(
011

)

foi'^ied as a by-product in

the preparation of cymene from camphor, and has been also obtained

by distilling oxycymene with phosphorus pentasulpliide, and by con-

verting potassium cymenesiilphouate by means of phosphorus penta-

chloride into cymenesuIqjJiomc chloride 0Qir
3
(SO201)(CH3

)ClI(CH
3) 2 ,

and reducing the latter with nascent hydrogen.

Thiocymene is a colourless liquid, boiling at 235°, and possessing

an aromatic smell. Oxidizing agents convert it first into the disul-
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phide (01011,3)282, a heavy, yellow oil, which by further oxidation

r 0113

yields a sulfpliotolwic acid CoIi3-' CO.,H.

(SO.dl

CYMYL- AND CUMINYL-COMPOUNDS.

237°

13y treating boiling cymene with chlorine, substitution takes place

in one of the alcohol-radicals, and cijriujl chloride is formed, wliicli, by
heating Avith an alcoholic solution of potassium acetate, is converted

into cymyl acetate, an oily liquid, boiling at 230°, and smelling like

rose-wood.

Cymyl Alcohol CgHi -[ is j)roduced, together with cumic

acid, by the action of alcoholic potash on cuminaldehyde. It is an

aromatic liquid, boiling at 243°.
r COH

Cuminaldehyde, or Cuminol CgHi 1 r , tt ,
occurs, together with

cymene, in Eoman cumin-oil and the oil of the Avater-hemlock, and is

obtained pure by shaking the oil with a concentrated solution of acid

potassium svdphite, and distilling the crystalline compound thus

formed with sodium carbonate.

It is a liquid possessing a strong aromatic odour, and boiling at

By fusing it Avith potash, it is converted into cumic acid :

—

p .j f COH ,

( CO.OK
,
„

1 CJI, + “ ^6^4
1 0 + H

2

Chromic acid oxidizes it to terephthalic acid.

Cumic Acid C^H^
|

is sparingly soluble in water, and freely

in alcohol, and forms prismatic plates, melting at 113°. When
cymene is taken internally, it appears in the urine as cumic acid.

By distillation Avith quicklime, it is resolved into carbon dioxide

and cumene (page 390).

Nitrocumic Acid CgH3(N02)(C3lL)C02H forms yelloAv scales, and
yields by reduction amidocnmic acid Cgll3(NIl2)(C3H.)C02H, crystal-

lizing from hot Avater in colourless plates. By distillation Avitli

baryta, it is resolved into carbon dioxide and cuynidine, or isop'opyl-

J is IF

p ,,2. B>y passing nitrogen trioxide into an

aqueous solution of amidocumic acid, it is converted into oxyjcumic

acid Cgll3(OH) | p^^, crystallizing from hot Avater in small prisms.

OxjyAsoiyropyl-phcnyl-formic Acid CgH^
|

— When cumic

acid is heated with bromine and fuming hydrobromic acid, one atqin

C " D 1)
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of hydrogen in the isopropyl-gronp is replaced hy bromine, and by
boiling the product with alcoholic potash the oxy-acid is formed,

which is isomeric with oxycumic acid, the latter being at the same
time a phenol, while the former, as alcohol, is an aromatic glycollic

acid.

f
C3II5

Eiujctic Acid CjjlI.,(OH)- OCH
3
is produced by acting with carbon

' (COgll
dioxide and sodium’ on engenol (page 390). It forms colourless

]nisms, melting at 124°. It is only sparingly soluble in water; the

solution is coloured deep-blue by ferric salts, lly dry distillation, it

is resolved into engenol and carbon dioxide.

ISOBUTYL-BENZENE 0^115.02113(0113)2.

This compound is a refractive liquid, boiling at 160°, and possess-

ing a fragrant odour. It has been obtained by tlie action of sodium,

on a mixture of bromobenzene and isobutyl bromide. 'Willi bromine
and nitric acid, it forms thick, oily substitution-products, which are

decomposed by heat.

BUTENYL-BENZENE OgH-.OJd-.

This hydrocarbon, which is also called iilimylbuUnc, is prepared

by adding sodium to a mixture of benzyl chloride, allyl iodide, and
ether ;

—

C
3
IT5.CH 2

CI 4 C
3
II

5
I 4 Na

2 = C,.ll
5
.Cll

2
.C

3
ll

5 4 NaCl 4 Nal.

It is a limpid liquid, boiling at 177°, and possessing a strong aro-

matic smell. It readily combines with one molecule of bromine.

IVicnyletlicnyl-methyl Ketone, or Acetocinnamonc C
5
H

5
.C

2
ll

2
-CO.CII.j,

is obtained by distilling a mixture of calcium ciimamate and acetate.

It is a fragrant liquid, boiling at 240°. By the action of sodium

amalgam on its alcoholic solution, it is converted into phenylethyl-

methyl carbinol
|
CII.OH, a crystalline solid, which is iso-

meric with the oxycymenes and with cymyl alcohol.

COMUOUNDS WITH ELEVEN ATOMS OF CARBON.

Amyl-benzciu CyT
5
.C

5
lIj^ is produced by the action of sodium on a

mixture of bromobenzene, amyl bromide, and benzene. It is a

liquid boiling at 103°
;
with nitric acid it forms a yellow, oily mono-
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nitro-compound, and cliromic acid oxidizes it to benzoic acid and iso-

bntyric acid.

Bidliyl-henzylene CgH5.CH(C2Hg)2 bas been obtained by adding zinc

etliide to a solution of benzylene chloride in benzene. It is a fragrant

liciuid, boiling at 178°.

Fhenyl-anydic Acid CylT5.C^IT(;.C02TT.

—

This hoinologue of cin-

namic acid has been produced by heating benzaldehyde with bn.tyryl

chloride to 130°. It crystallizes from hot water in long needles,

melting at 81°.

Homocumic, or Cymic Acid —The nitrile of this

acid is formed by converting cymyl alcohol into the chloride, and
heating it with potassium cyanide. By boiling the nitrile with
alcoholic potash, the acid is obtained

j
it forms small needles, melting

at 52°.

f
Thyrnotic Acid CgIT.,(OII) < CH.^ is produced by acting with sodium

(C3II,
and carbon dioxide on thymol. It forms slender needles, melting at

120°, and subliming with decomposition. Its aqueous solution is

coloured deep-blue by ferric cldoride. By distillation with baryta, it

is resolved into thymol and carbon dioxide.

COMPOUl^DS WITH TWELVE ATOMS OF CARBON.

( CIl
Aviyl-tolucnc Cgll^ -1 is a liquid boiling at 213°, which is

formed by adding sodium to a mixture of amyl bromide and bromo-
toluene.

MELLITIC ACID C\2^^(5^1-2-

The mineral Mellitc, or Iloncy-stonc, which is found in deposits of

lignite, is the aluminium salt of this acid. The free acid is obtained

by boiling the finely-powdered mineral with Avater and ammonium
carbonate, and concentrating the solution. Ammonium mellitate

crystallizes out, which is boiled with baryta-water until all ammonia
is expelled, and the pure barium salt is decomposed with sulphuric

acid. The ammonium salt may also be precipitated Avith silver-

nitrate, and the precipitate decomposed by hydrochloric acid.

jMellitic acid has also been produced, together Avith oxalic acid and

other bodies, by oxidizing pure charcoal with an alkaline solution of

potassium permanganate.
D D 2
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IMellitic acid is readily soluble in water and alcoliol, and ciystal-

lizes in colourless needles, X)0ssessing a strong sour taste. It is a

very stable body, which is not acted upon by hot concentrated sul-

phuric acid or nitric acid, nor by bromine or hydriodic acid. By dis-

tilling it with quicklime, it is resolved into benzene and carbon

dioxide :

—

Ci,H,0,, = -P GCO,

It is consequently hexacarhoxyhenzene C„(C02H)g, or the last term of

a series of acids, which are derived from benzene Ijy replacing one
atom of hydrogen after the other by carboxyl, and all of which are

resolved by heating them with lime into carbon dioxide and benzene.

Ammonium Mdlitate C(j(C02NH^)g + 9H2O forms large rhombic
prisms.

Barium 3Iellitatc C(.(G02)eBa3 + 3IT2O is obtained by adding barium
chloride to a solution of the barium salt as a white precipitate, which
soon changes into small plates.

Aluminium Mdlitate Cg(CC)2)gAl2 -P I8II2O exists as honey-stone in

large, yellow, square octahedrons.

Silver Mellitate C(.(C02Ag),. is a white crystalline precii)itnte, which
by heat is resolved into metallic silver and carbon monoxide.

Besides these normal salts, there exist also salts, containing two
metals and acid salts :

—

C J (CO^I-I),
c ^

^3
i
(C02NH,)2 I

(C0.2K)3
^ p f(C0.,xig„

I
(G02),CU2 ^3

i
(CO;)/’ll2”

Ethyl Mellitate Cy(C02.C2H5)6 is obtained by the action of ethyl

iodide on the silver salt, and forms large colourless crystals, melting

at 69°.

Mellitic Chloride Cp(COCl)g is formed by heating the acid with

phosphorus pentachloride. It is a crystalline mass, which is slowly

dissolved by boiling water, with the formation of hydrochloric acid

and mellitic acid.

Mellirnide, or Paramide 012113X303 is produced, together with am-
monia and the ammonium salt of euchroic acid, hv heatino- ammo-
nium mellitate. It is a white, amorphous powder, which is insoluble

in water and alcohol, and is converted into acid ammonium mellitate

03(00211)3(00.2X111)3 by heating it with water to 200°.

Euehroie Acid 012114X203 forms colourless julsms, which are spar-

ingly soluble in water. By the action of zinc or other reducing

agents, it is converted into a deep-blue, insoluble substance, called

euchronc, which dissolves in alkalis Avith a deep-purple colour, and in

contact with air is oxidized again to euchroic acid. AVhen euchroic

acid is heated with water to 2U0°, it yields the acid salt 03(00211)4

(C02NHi)2.
The constitution of these bodies is explained by the following

formulae :

—



THE CARBON COMPOUNDS. 405

Paramide. Eudii'oie Acid.

rco.oH

Hyclromdlitic Acid CgHg(C02H).—This additive compoimd is readily

formed by the action of sodium-ainalgam on an anmioniacal solution

of mellitic acid. To isolate the acid, the solution is neutralized with
acetic acid, and precipitated with lead acetate, the precipitate washed
and decomposed with hydrogen sulphide. On evaporating the filtrate,

the acid is obtained as a syrupy liquid, which gradually becomes
crystalline.

Isohydroindlitic Acid C^jHy(C02H)g is obtained by heating hydro-
mellitic acid with concentrated hydrochloric acid to 180°. It crys-

tallizes in thick, large, four-sided prisms, possessing a slightly acid

taste.

Isohydromellitic acid is a very stable body, which is not changed
by treating it with a mixture of strong sulphuric and nitric acids.

The cause of the isomerism of hydromellitic acid and isohydromellitic

acid is not known.
Pyroindlitic Acid CgH2(C02H)^.—When mellitic acid is heated it

first melts, and then is resolved into water, carbon dioxide, and jjyro-

mdliiic anhydride :

—

The anhydride sublimes in long needles, and readily dissolves in

warm water, forming pyromellitic acid, which crystallizes in prisms,

and has great resemblance to phthalic acid. By the action of

sodium-amalgam and water, it is slowly converted into two isomeric

acids C(.Hg(C02H)^. One of them, called hydropyromdlitic acid, is a
gummy mass

;
while isohydropyromdlitic acid crystallizes from Avater

in needles. On heating either of these acids above 200°, it is resolved

into water, carbon dioxide, and tdrahydrophthalic anhydride, which
readily combines with water, tdrahydrop)htli(dic acid CgHg(C02H)<,
being formed, crystallizing from water in large plates, melting at lOO'C

When this compound is heated with concentrated hydriodic acid to

230°, it is converted into hexcdiydrophihalic acid CgHjQ(C02H)2, Avhich

has also been obtained from phthalic acid. By adding bromine to an
aqueous solution of tetrahydrophthalic acid, it yields bromomalo-

phthcdic acid CgHgBr(0H)((J 02H) 2 ,
which by the action of baryta-

C
6

CO.OH
CO.OH
CO.OH
CO.OH
CO.OH
CO.OH

rH
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water is converted into tartrojoJithaUc acid C(.Hg(0H)2(C02H)2, crystal-

lizing from water in large prisms. By heating it with liydriodic acid,

it yields liexahydrophthalic acid.

These acids show in tlieir reactions, as well as in tlieir constitution,

great resemblance to succinic acid and its o.xy-acids :

—

II cxaliy

d

ro] )] Itha 1 ic A cid

.

n.,c cii.co.,H

1
I

ir„c CTI.CO2II
" \/

CU2

Tartioplitluilic Acid.

CIL
/\

H.,C C(0H)C02lI

“I I

ir.,c c(0ii)C02ii
\ /
Cl [2

Tetrahydroplitlialic Acid.

CH2
/ \

C.CO
2
H

I II

ll.,C C.CO2H
“ \ /

C1I2

Succinic Acid.

0112.00211

OII2.OO.2II

Tartaric Acid.

OT 1
(
011)OO.J1

I

on (011)00.,11

Maleic Acid.

01

1

.00 .,11

II

. 0 II. 00.,11

On heating hydromellitic acid or isohydromellitic acid with concen-

trated sulphuric acid, two isomerides of pyroniellitic acid are formed

together with trimesitic acid (page 389 )
:

—

(1) 0,11/00.211), -f 3S0,H2 = 0,112(00211), + 200.2 + 3SO2 + GH.2O

(2) 0,11,(00.211), + 3SO,Il2 = 0,113(00211)3 -f 3OO2 -f 3S0.2 + GII2O

Frelinitic Acid 0,112(00211)4 + 211.20 crystallizes from water in

large prisms, resembling the mineral I’rehnite. On heating, it loses

water, and melts above 237 ° with the formation of the anhvdride

0,ll2(00.2ll).2
1

Xascent hydrogen converts it into hydro-

prchnitic acid, which yields isophthalic acid by heating it with sul-

phuric acid.

Mellophanic Acid 0,11.2(00211)4 is readily soluble in water, and
forms crystalline crusts. Its barium salt is much more soluble than

that of prehnitic acid.

Trimcllitic Acid 0,113(00211)3.—By heating the hydropyromellitic



THE CARBON COMPOUNDS. 407

acids with sulphuric acid, they are decomposed into pyromellitic anhy-

dride, isophthalic acid, and triiiiellitic acid, crystallizing from water in

warty masses, melting at 210°. The same acid has also been obtained,

together with isophthalic acid, by oxidizing colophony with nitric

acid.

He7nimellitic Acid C(.Tl
3
(CO.,II)

3
.—This isomeride of trimellitic

acid and trimesitic acid is produced, together with phthalic acid, by
heating hydromellophanic acid with sulphuric acid. It crystallizes

in colourless needles, melting at 185°, and being resolved into carbon

dioxide, water, phthalic anhydride, and benzoic acid.

Mellitic acid is, as \\q have seen, benzo-hexacarbonic acid
;
by

taking out one molecule of carbon dioxide after tlie other, all other

benzo-carbonic acids have been obtained, with the exception of the

peiitacarbonic acid. These acids may be arranged as follows :

—

Mellitic Acid.

1. 2. 3. 4. 5. 6.

Pyromellitic Acid. Prelmitic Acid. Mellophanic Acich

1. 2. 4. 5. 1. 2. 3. 5. 1. 2. 3. 4.

Trimellitic Acid. Trimesitic Acid. Ilemimellitie Acid.

1. 2. 4. 1. 3. 5. 1. 2. 3.

Tcrephthiilic Acid. Isophthalic Acid. Phthalic Acid.

1. 4. 1. 3.

Benzoic Acid.

1.

ANILINE-COLOUBS.

1.2.

Aniline, toluidine, and pseudotoluidine are largely employed in the

manufacture of a series of brilliant colours, which are used for dyeing

wool and silk, and in calico-printing.

Mcvuvdne C
27
ll

24
N^.

—

Aniline-pmyle, or mauve, consists of the sul-

phate of this base
;

it is obtained by mixing cold dilute solutions of

potassium dichromate and aniline sulphate, and leaving the mixture

to stand for some hours. A black precipitate is formed, containing

only a few per cent, of mauve, which is extracted by alcohol. The
same black precipitate is produced by boiling aniline sulphate with a

solution of cupric chloride, and keeping the solution neutral by
adding caustic soda. The reaction by which mauveine is formed is

not understood, as the bye-products havm not been analysed.

The blue colour which is produced by the action of bleaching-

powder on aniline has been called llunge’s hhic

;

it consists of the

salt of a base which is not mauveine, but is changed into it by boiling

the solution.

Pure mauveine is obtained by adding caustic potash to a solution

of the sulphate, the base separating out as a crystalline, almost black
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powder, wliicli is almost insoluble in water, and dissolves in alcohol

with a bluish-purple colour. It is a

ammonium salts, and absorbing readily (

salts exhibit a golden metallic lustre, and dissolve in water, and more
freely in alcohol, with a beautiful purple colour.

Mauveme Hydrochloride C.^-lIj^^X^.ClH crystallizes in small prisms,

and forms crystalline double salts with the chlorides of gold and
X)latinum.

When mauve is heated with aniline, ammonia is given off, and a

blue colouring matter is formed, the composition of which is not

known.
lly oxidizing a hot solution of mauve with sulphuric acid and man-

ganese dioxide, a beautiful red colouring-matter is produced, which is

very soluble in water, and forms small crystals having a fine beetle- \

green lustre. In concentrated sulphuric acid it dissolves with a

dark-green colour, which, on adding gradually water in small quan-
tities, changes into bluish-green, pure blue, violet, purple, and at last into 1

pure red. To this beautiful substance the name “ safranine ” was
]

originally given, but the colour occurring now in commerce under '

that name appears to be a different body.

Safranine —This base is a derivative of pseudotoluidine,

and obtained by treating high-boiling commercial aniline with
nitrous acid and oxidizing agents. The free base is readily soluble in

water, and forms reddish-brown crystals, vdiich, when heated to 100°

assume a faint beetle-green lustre.

Safranine Hydrochloride C^^HgolSr^.ClH occurs in the forms of a

paste in commerce, and is largely used in dyeing silk, as a substitute
^

for saftiow^er. It is very soluble in water, and precipitated from this
,

solution by adding salt
;

it has been obtained by evaporation in fine

reddish crystals. The nitrate is but sparingly soluble, and crystallizes

in reddish-brown needles. The picrate is insoluble in water, and
forms brown needles.

Safranine gives with sulphuric acid and water the same reactions as

mauve-safranine.

Azodiphenyl-hlue is obtained by heating amido-azobenzene i

with aniline hydrochloride and alcohol to 160° :— i

powerful base, decomposing

arbon dioxide
;

its crystalline

CJI,N1I,
i C,H,.N(CV1,)1I

+

The free base is a dark-brown powder, which is insoluble in water.

The liydrochloride is a dark-blue, indistinctly crystalline body, dis-

solving in alcohol with a deep bluish- violet colour.

ROSANILINE C2olTjglSr3.

The salts of this base are known by the names. Aniline-red,

Magenta, or Fuehsine, and manufactured iu considerable quantity
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by heatiug a mixture of aniline, toluidine, and pseudotoluidine (so-

called magenta-aniline) with arsenic acid or other oxidizing agents :

—

-p -p 30 = C2oHi9^3 + SH^O

A hard mass is thus obtained, possessing the lustre of bronze, and

containing arsenite and arsenate of rosaniline. It is purified by ex-

hausting the melt with boiling water, and precipitating the solution

with soda
;
the precipitate is, after washing, dissolved in an acid, and

the solution evaporated to crystallization.

Eosaniline is also obtained by heating magenta-aniline with nitro-

benzene :

—

2CbH,X -P C,H,.N02 = C2oH,,N3 -p 2H
2
O

To obtain the pure base, ammonia is added to a hot aqueous solu-

tion of the acetate; the deep-red solution becomes almost colourless,

and on cooling deposits the base in small white plates, having the

composition C.,jjPr^9^3.1120. It is very sparingly soluble in water, and
assumes a reddish tint when exposed to the air. Eosaniline neutra-

lizes acids, and forms a series of beautiful salts, exhibiting a fine

beetle-green lustre, and dissolving in w'ater, and more freely in alcohol,

with a splendid red colour.

Rosaniline Hydrochloride C20HJ9N3.CIPI crystallizes from a hot con-

centrated solution in rhombic prisms. It dissolves in hot hydrochloric

acid wdth a yellowish-brown colour
;
and on cooling the acid salt

C2oHi9N3(CTH)3 crystallizes out in brown needles, which, by water, are

decomposed into hydrochloric acid and the monohydrochloride.

Both compounds form crystalline double salts with platinic

chloride.

Rosaniline Acetate C20II19N3.C2II4O2 is readily soluble in water, and
can easily be obtained in large splendid crystals.

The constitution of rosaniline is not known
;
but as it contains

three atoms of hydrogen, which can be replaced by alcohol-radicals,

it is probably constituted as follows :

—

HN C9H3.CH3

I I

C9H4 NH
I I

HN C9II3.CH3

It is hardly doubtful that at least two rosanilines exist, one being
derived from toluidine, and the other from pseudotoluidine.

Metliyl-rosanilincs.—By heating rosaniline or its acetate with methyl
iodide and methyl-alcohol, hydrogen is replaced by methyl, and violet

colours are produced, the shade of Avhich is the bluer the more methyl
groups are introduced. Trimethyl-rosaniline combines with methyl
iodide, forming rosaniline-tetramethylanimoniurn iodide C.29lijgN3

(0113)41 ;
the corresponding hydrochloride is obtained on the large
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scale by heating dimethylaiiiliiie potassiimi chlorate and cupric

sulphate :

—

+ 30 = 00,1129X30 + 21120

The free base is a reddish-brown powder, dissolving in alcohol with
a violet colour. Its salts, as well as those of triniethyl-rosaiiiliiie and
triethyl-rosaniline, possess in the dry state a golden-yellow lustre,

and are found in coniinerce under the name of “ Aniline-violets ” and
“ llofinann’s violet.”

In the process of manufacturing these violets, by the action of

methyl or ethyl iodide on rosaniline, there is always produced a

quantity of a dark resinous body, which is called “ Hofmann gum.”
This bye-product yields by dry distillation a large quantity of methyl-
aniline or ethylaniline. <

Aniline-green is obtained by heating rosaniline with meth}d alcohol <

and an excess of methyl iodide. The product is exhausted with i

boiling water, which leaves the greater part of the violet behind. To
^

the solution salt is added to remove all the violet, and then it is >

neutralized with soda, and precipitated by picric acid. The salts of

aniline-green contain the ammonium-base .C.2oII,3(CH3)3X3(CH30)2, l

which has not been much examined. The commercial ])roduct is a green

paste, consisting of the picrate C2olIie(Cll3)3X3(CH3.0CgH2(^"^^^2)3)2>

which in the pure state forms yellowish-green prisms, showing a

copper-red reflection.

FJienyl-rosanilines.—When a rosaniline-salt is heated with aniline,

hydrogen is replaced by phenyl, and ammonia is given off.

The salts of monophenyl-rosaniline C2oH,g(C(jH3)X3 have a reddish-

violet colour, and those of diphenyl- rosaniline CooH^-^Cf. 115)2X3 are
1

bluish-violet. The salts of triphenyl-rosaniline b?2o^^iG(^V^5)3^^3 have

a pure blue colour, and are known by the name of “night-blue.”

The formation of these blues takes place more readily in presence i

of acetic, benzoic, or other organic acids.

When triphenyl-rosaniline is submitted to dry distillation, it yields

a considerable quantity of diphenylamine.

Triphenyl-rosanilinesvlphonic Acid C2o1Ik5(C3H5)2{C3H,.S0311)Xo is

obtained by dissolving triphenyl-rosaniline in concentrated sulphuric

acid, and adding water to the solution, as a dark-blue mass, which
!

dries up to grains having a beautiful metallic lustre. Its sodium salt
J

is found in commerce under the name of “Xicholson’s blue,” or

“alkali-blue it is a dark-grey, amorphous mass, dissolving in water,

with a fine blue colour.
;

]>y the further action of sulphuric acid, other sulphonic acids are
'

formed, which occur as sodium salts in several “ soluble aniline

blues.”

Benzyl-rosaniline.—When a mixture of rosaniline, benzyl chloride,

methyl' iodide, and methyl alcohol is heated in a water-bath, the com-

pound C2o1Iio(^o^^5-^^^2)3^^3-C^^3^ foi'ined, crystallizing in beetle-
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green needles. The salts of this ammonium-base dye on silk a rich

reddish-violet shade.

Leucaniline, C2oH2i^3-— by treat-

ing rosaniline-saits with reducing agents. They are colourless, and

readily oxidized to rosaniline-saits.

Chrysaniline €2011^7^3 is obtained as a bye-x>roduct in the manufac-

ture of rosaniliue. It is a yellow amorphous powder, and forms tvm

series of yellow crystalline salts, containing either one or two ecpiiva-

lents of an acid.

Xylidine-red CgoHgalSrg.— Neither xylidine alone nor mixed with

toluidine yields a colour, but when a mixture of aniline and xylidine

is heated with arsenic acid, a red compound is produced, having the

greatest resemblance to rosaniliue.

PHENOL-COLOUUS.

AYhen phenols are heated with polybasic organic acids, either alone

or in presence of sulphuric acid or glycerin, water is eliminated, and
a series of peculiar compounds is forme',d, some being neutral bodies,

while others dissolve in alkalis, forming intensely-coloured solutions,

which are decolourized by reducing agents.

Some of the coloured bodies yield, when heated with sulphuric

acid, new colours, which are also readily reduced in an alkaline solu-

tion, but not decolourized. The number of these compounds seems
to be unlimited, but only a few have been more minutely studied.

Aurin C2oHj^03-—This compound is found in commerce under the

name of “ corallin,” or “ rosolic acid,” ^ and is used for dyeing silk aud
wool. It is prepared by heating phenol with oxalic acid and sul-

phuric acid. The commercial product is a brittle, resinoiis body,

having a beetle-green lustre, and yielding a red powder. It is a mix-
ture of different bodies

;
to obtain pure aurin from it, an alcoholic

solution of ammonia is added to a cold concentrated alcoholic solution

of the crude substance. A crystalline precipitate, a compound of

aurin -with ammonia, separates out, whilst the other bodies remain in

solution. The ammonia-compound is washed with cold alcohol, and
boiled with dilute acetic acid.

Aurin is but sparingly soluble in water, and crystallizes from
alcohol in dull-red needles with a green lustre, and from acetic acid

in rhombic prisms, having either the colour of chromic trioxide and
a brilliant diamond lustre, or of a darker shade, showing a blue or

green reflection. It dissolves readily in alkalis, with a magenta-red
colour, and forms also with other oxides a series of very unstable

salts.

1 The name rosolic acid ^yas first given to a red body existing in coal-tar, and was
afterwards eni))loyed to designate all red componnds which may be obtained from
phenol by different reactions.
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Pure auriii is also readily obtained by beating jmre ])benol with
oxalic acid and sulphuric acid for several days to 100°—110°. The
product is boiled Avith Avater, dissolved in caustic soda, and precij)!-

tated Avith an acid. The crystalline [jrecipitate is then crystallized

from alcohol.

Aurin is also obtained by using formic acid in the place of oxalic

acid, and its formation may therefore be expressed by the equation :
—

SC,1I,0 + 2CO = C,ollu<>3 +

When sulphur dioxide is passed into a hot concentrated alcoholic

solution of aurin, the com])ound (C.^q 111^03)280.2 + oH.^O is formed,

separating on cooling in brick-red crusts, or garnet-red granular

crystals.

Aurin-potassium Bulplcite C2(,lli,403 -f KIISO3 is obtained by adding
a solution of acid potassium sulphite to a hot alcoholic solution of

aurin. It is a crystalline Avhite powder, resembling precipitated

chalk. The sodium and ammonium-com})ounds are similar bodies
;

they are easily decomposed by acids and alkalis.

Lcucaurin C,qHj303 is formed by heating an aqueous alkaline or

acid alcoholic solution of aurin Avith zinc-dust. It crystallizes in

thick colourless prisms or needles. It contains three hydroxyls,

yielding Avith acetyl chloride tri-aceiyl-leucaurin 02^112303(0.21130)3,

crystallizing from alcohol in white silky needles.

Phenol-phthalein CgoH^^O^ is produced by heating phenol with

phthalic anhydride and sulphuric acid to 120°.

2C3H3O + 0311,03 = C2olIuO, + II.3O

It is a colourless body, dissolving in caustic potash with a splendid

red colour, which disappears on heating it with zinc-dust. Hydro-
chloric acid precipitates from the colourless solution phenol-phthal in

O20II10O4 in Avhite granular crystals.

Fluorescein, or liesorcin-phthalcin O.20II2.2O-, is formed by heating

resorcin with phthalic anhydride. It forms small dark-broAvn crystals,

dissolving in ammonia Avith a red colour
;
this solution exliil)its, even

Avhen very diluted, a most beautiful green tluorescence. Zinc-dust

reduces it to colourless fiuorcscin, and by heating it Avith sulphuric

acid it is converted into a red compound, dissolving in alkalis Avith a

blue colour, Avhich, on adding zinc-dust, changes into red.

Hydroquinone-phthalcin ^.201122^^5 is obtained by heating hydro-

quinone Avith phthalic anhydride and sulphuric acid
;

it forms Avhite

crystals, melting at 222°, and dissolving in alkalis Avith a violet

colour.

Galkin 0.201122^17 been produced by heating pyrogallol Avith

phthalic anhydride. It forms granular crystals, appearing broAvuish-

red by reflected light, and blue by transmitted light. It dissoHes in

alcohol Avith a dark-red, and in alkalis Avith a beautiful blue colour,

Avhich soon becomes grey. On mordanted cloth, it dyes shades re-
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sembling those produced by brazil-wood, liediicing agents convert it

into colourless gallin C.,QH^gO^.

Coerulein is obtained by heating gallin with sulphuric

acid to 200°. tt dissolves in aniline with a beautiful blue colour, and

in alkalis witli a blue colour
;
alum precipitates from this solution a

green lake. By reduction it yields yellowish-red coerulin.

By using mellitic or pyromellitic acid in place of phthalic acid,

compounds resembling the different phthaleins have been obtained.

The constitution of the phenol-colours is not exactly known
;
but

their constituents may be divided into two groups—the phenols, and
the bodies which keep them together

;
the former being the chromo-

genous constituents, as the colour is but little changed by using dif-

ferent acids. A great number of natural colours, and cliielly those

contained in the different dye-woods, have undoubtedly a similar

constitution. The nature of the chromogenous constituents of these

colours can in most cases be found by fusing the compound with
caustic potash, or by treating it with nitric acid; but it will be far

more difficult to detect the compounds which connect the chronio-

genous constituents, as in the natural colours this part seems to be

])layed by compounds belonging to the sugar-group, or by vegetable

acids which are not connected with the aromatic group.

The following compounds appear to be natural phenol-colours :

—

Hccmatoxylin -i- SH^O exists in logwood {Hcematoxylon

Caniioechianum), and crystallizes from water in yellow prisms, possess-

ing a sweet taste, and tuining the plane of polarization to the right.

By fusing it with caustic potash it yields pyrogallol.

It dissolves with a red colour in ammonia, and this solution absorbs

readily oxygen, hwmatxin + H.
2
O being formed, which is also

produce! by dissolving hcematoxylin in ether, and adding fuming
nitric acid. It forms brownish-red crystals, vvhich lose water at 130°,

and assume a green lustre. Ha?matin is slightly sohible in cold, and
freely in boiling water; alkalis dissolve it with a beautiful deep-

purple colour, and reducing agents reconvert it into hpematoxylin.

Bmsilin C.
22

II.
20
O- is found in brazil-wood, sapan-wood, peach-wood,

&c. It crystallizes in large yellow prisms, dissolving in ammonia
with a crimson, and in potash or soda with a purple colour. 'When
nitric acid is added to its ethereal solution, crystalline hrasilein is

formed, and boiling nitric acid converts it into styphnic acid

(page 343).

Carthamin C\ JljgO^ is the colouring matter of safflower (the petals

of Carthamus tinctorvus). It is obtained by exhausting safflower

with cold water, which dissolves a yellow colouring-matter
;

the

residue is treated with a dilute solution of sodium carbonate, and the

solution precipitated with acetic acid. Carthamin separates out as a

flocculent precipitate, drying up to a beetle-green mass. It dissolves

in alcohol with a splendid red colour, and forms with alkalis a yel-

lowish-red solution. By fusing it with potash, it yields oxalic acid

and para-oxybenzoic acid.
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Bixin CjglTjgO^ is the colouring-matter of “ anotto” (from the fruit

of Bixa Orellana). It is insoluble in water, and dissolves in alcohol

and alkalis with a deep-yellow colour. When sulphur dioxide is

passed into its alcoholic solution it becomes colourless.

Santalin C^gll^^Og is found in santal-wood, and forms microscopic
bright red crystals, which are insoluble in water, but dissolve in

alcohol with a red, and in alkalis with a violet colour. On adding
barium chloride to its alkaline solution, a violet precipitate

formed.

Euxantkic Acid —The magnesium salt of this acid is the

chief constituent of Indian yelloio, or Purree, a body of unknown
origin, which is imported from India and China, and used in the

painting of water-colours. By treating it with hydrochloric acid,

euxanthic acid is obtained in yellow, silky needles, which have a

sweetish bitter taste. On heating, it is resolved into water, carbon
dioxide, euxanihone, and other products.

Euxanthone C^gH^gO^ is a yellow, crystalline precipitate, and is also

formed by the action of concentrated sulphuric acid on euxanthic
acid. On fusing it with potash it is converted into euxanthonic acid

CigHigOCOH)^, crystallizing from water iu long yellow needles. On
heating it is resolved into water and euxanthone. Euxanthonic acid

gives with ferric acid a red colour, while euxanthone is coloured green
by this reagent.

Concentrated nitric acid forms with euxanthone nitro-products,

which by prolonged action are converted into styplmic acid or trinitro-

resorcin.

When resorcin is heated with oxalic acid and sulphuric acid, a

yellow substance is formed, containing apparently euxanthone.

Gentianin C^^H^gOg occurs in the root of Gentiana lutca, and ciys-

tallizes in pale-yellow needles, which are tasteless, and almost in-

soluble in water. It is soluble in water, and dissolves in alkalis with

a deep-yellow colour, forming crystalline salts.

COMPOUNDS CONTAINING TWO OR MORE AROMATIC NUCLEI,

LINKED TOGETHER BY CARBON.

DiniENYL C^.2lIio

Is obtained by the action of sodium on bromobenzene, and by passing

the vapour of benzene through a red-hot tube :

—

C,JL C.JL
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It lias also been produced by heating a mixture of potassium

pbenate and benzoate :

—

an,.OK + c,H,.cojv = c,ii,.c,n, + CO
3
K,

Diphenyl crystallizes from boiling alcohol in large, brilliant, thin

plates, melting at 70°’5. It boils at 240°, and possesses a peculiar,

aromatic smell. By heating it with a solution of chromic trioxide in

glacial acetic acid, it is oxidized to benzoic acid.

Monohromodiphcnyl obtained by adding bromine to a

solution of diphenyl in carbon disulphide. It forms thin, large

plates, melting at 89°, and boiling at 310°. Oxidizing agents convert

it into parabromobenzoic acid.

Dihromodi'plicnyl C^gllgBr^ is formed by acting with bromine on
diphenyl in the presence of water. It crystallizes from benzene in

large colourless prisms, melting at 164°, and volatilizing at a high
temperature. On oxidation it yields also parabromobenzoic acid.

Dinitrodiplicnyl Ci.2Hg(N02) 2
-—When diphenyl is dissolved in cold

concentrated nitric acid, two isomeric compounds are formed. One
crystallizes in slender, colourless needles, melting at 213°; and the

other, called isodinitrodAplmiyl, which is more soluble in alcohol,

forms large colourless crystals, melting at 93°'5.

Diamidophcnyl, or Benzidine, C
22
Hg(NH2) 2 ,

is not only produced
by reducing the first of the dinitro-compounds with ammonium sul-

phide or tin and hydrochloric acid, but also by the action of acids on
hydrazobcnzene (page 328), the following molecular change taking
place :

—

Cyi,.NlI CgH,.Nll
2

CgII,.NII C,H,.NH2

It is therefore conveniently prepared by passing sulphur dioxide

into an alcoholic solution of azobenzene :

—

C,IL.N C,H,.NH2

II
+ 2 II

2
O + SO

2 = I
+ H,SO,

C,II,.N C,H,.KIl2

Benzidine has also been obtained by acting with sodium on broni-

aniline.

It forms silvery scales, melting at 118°, and subliming, when more
strongly heated, with partial decomposition.

Benzidine Sulphate C
22
ll

8
(NH2)2 is a white powder, which is almost

insoluble in water and alcohol.

Imidodiphenyl, or Garhazol C
22
II

8
-KII.—This body was first found

in crude anthracene; it is produced synthetically by passing phenyl-
aniline through a red-hot tube :

—

CC.H5

cyia
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Carbazol ciystallizes from alcohol in white plates, melting at 238°,

and boiling at 354°. Cold nitric acid colours it green in the cold, and
on heating nitro-compounds are formed. It lias no basic properties,

but combines with picric acid like the aromatic hydrocarbons, forming
the compound + C(.H2(N0.,)301I, which crystallizes from coal-

tiir naplitha in large red prisms.

Aceltjlcarhazol Ci2H3X(02H30) is obtained by heating carbazol with

acetic anhydride
;

it crystallizes from alcohol in Hat prisms, melting

at 09°, and combines witli picric acid.

Carhazoiine CY,IIj3.NlI.2.—This additive compound is formed by
heating carbazol with hydriodic acid and phosphorus to 240°. It is a

weak base, crystallizing from alcohol in tufts of silky needles, melting
at 99°, and boiling at 290°. By heating its hydrochloride to 300° it

loses liydrochloric acid and hydrogen, being converted into hydrocar-

hazol crystallizing from alcohol in warty masses possessing

an un})leasant smell. It has no basic properties, but combines with
picric acid.

Acridine —This isomeride of carbazol has also been found
in crude anthracene. It crystallizes from dilute alcohol in transparent

rhombic prisms, which have generally a yellowish-brown colour. It

melts at 107°, and boils above 300°, but sublimes even at as low
a temperature as 100° in large, broad needles. It has basic pro-

perties, and forms well-defined salts, which, as well as the free

base, produce a burning yjain on the skin, and attack violently

the mucous membranes, the least cpuiiitity giving rise to violent

sneezing.

JDiphcnyloic Oxide 0^2^18^ produced by distilling triy)henyl phos-

phate with quicklime; it forms small ]>lates, melting at 80°, boiling at

273°, and possessing an agreeable odour. It is not changed by passing

it over red-hot zinc-dust, nor bv heating it with hydriodic acid to

250°.

VlphcMilmonosulphonie Acid Cj.jllfl-'^OslT is obtained by heating

equal molecules of diphenyl and sulphuric acid until water and the

hydrocarbon begin to volatilize. The potassium salt C\2lT<)-S03K

crystallizes from hot water in very slender long needles, which
after some time change into a heavy powder. The barium- and
calcium-salts arc preciy)itatcs, which can be crystallized from boiling

water.

Diplicnyldisulphonic Acid produced by heating the

hydrocarbon with an excess of sulphuric acid. The potassium salt

Cj,IIg(S03K)2 -H OIBO forms long thick prisms. The barium- and
lead-salts are insoluble in water. By decomposing the latter with

hydrogen sulphide in the presence of water, the free acid is obtained,

which on evapoiution is left in deli(piescent prisms, melting at 72°’5,

and deconqmsing above 200°.

Bioxydiphenyl —This jdienol is prepared by acting with

nitric trioxide on benzidine nitrate, and boding the diazo-compound

Avith water :

—
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It resembles common plienol, crystallizing in needles, which dissolve

sparingly in water, but freely in alcohol.

J-fexoxydiphenyl Cj
2
H^(OH)q.—

T

he tetramethyl-ether of this phenol

is formed by the dry distillation of beech- and birch-wood, and there-

fore occurs in crude wood-vinegar, which is purified by the addition

of potassium dichromate. Blue films are deposited, consisting of the

corresponding quinone, or caerolignone 0
^21
^

4 (
0 which is

obtained pure by dissolving the precipitate in cold phenol, from which
it is precipitated by alcohol in dark steel-blue needles. It is in-

soluble in all ordinary solvents, and neither distils nor sublimes

without decomposition. Eeducing agents reconvert it into tetra-

methyl-hexoxydiphenyl, or hydrocaerolignone C^
2
^^

4
(C^C!IT

3
)^(OH)

2 ,
crys-

tallizing from alcohol in colourless monoclinic ])risnis, melting at

190°, and distilling, when carefully heated, without decomposition.

By adding sodium ethylate to its alcoholic solution, the phenate
C^oII^(OCH

3
)^(ON’a)2 is obtained as a yellow, neutral precipitate.

When hydrocaerolignone is heated with hydrochloric acid to 200°,

it is resolved into methyl chloride and hcxoxydiphenyl, crystallizing

from boiling water in beautiful plates, grouped in rosettes, and dis-

solving in alkalis with a spleodicl purple colour. Eed-hot ziiic-dust

reduces it to diphenyl.

This hydrocarbon was first obtained by distilling diphenylacetic

acid (CelI.)2CH.C02H with baryta. It is also ’ produced by heating

benzyl chloride with benzene and zinc-dust to 150°. A\Tien the

action is once started, the zinc may be withdrawn, without hindering

the completion of the reaction, 'during which currents of hydro-

chloric acid are evolved :

—

Besides benzyl-benzene, other products are formed, of which two
isomeric hydrocarbons C

2oHjg have been isolated. We cannot, as yet,

explain why such a stable body as benzene takes part in this reaction

with such great energy.

Diphenyl-methane crystallizes in monoclinic prisms, melting at

2 6°'
5, and possessing the odour of oranges.

Benzyt-phenol, or Benzyl-oxyhenzene, CeH-.CHg.Cgll^.OH has been
obtained by heating' benzyl chloride with phenol and zinc-dust. It

crystallizes from alcohol in lustrous plates, melting at 84°, and dis-

solves in caustic alkalis, but not in ammonia.
Bcnzylphenyl-methyl Ether, or Benzyl-anisol Cyi

5
.Cll

2
.CgH^.OCH

3 ,

C EE

DIPIIENYL-METIEVNE, OR BENZYL-BENZENE

Con,.CIl2Cl -t- Cellg = C3lI,.CIl2.CgH, -f HCl
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is formed by the action of zinc on a mixture of anisol (page 332) and
benzyl chloride. It is a lini})id, mobile Ihpiid, possessing an aromatic

odour, and boiling at about 305°. On beating it with hydriodic aciu

to 170°, it is resolved into benzyl-phenol and methyl iodide.

Diphenyl Ketone, or Benzophenone.—The ketone of benzoic acid has

been produced by different reactions :

—

(1.) By the dry distillation of calcium benzoate ;

—

C,II,.00.0
I . _C,H, 1

C,H,.C0.0 j -C,H, I
CO -f CO Ca

(2.) By heating mercury-diphenyl with benzoyl chloride in closed

tubes :

—

(CcHJJTg + 2C,H,.C0C1 = 2C,1I,.C0.C,H, -t ITgCl,

(3.) By heating a mixture of benzene, benzoic acid, and jdiosphorus

pentoxide to 200°:

—

CfiHo + CeH,.CO.OH = C,H,.CO.CJI, 4- II^O

Benzophenone crystallizes from alcohol in rhombic prisms, melting

at 49°, and boiling at 300°. An isomeric modification is obtained by
oxidizing diphenyl-methane with chromic acid solution. It forms
transparent monoclinic crystals, melting at 26°. After some time
they become opaque, and change into the common rhombic modi-
fication.

Monoehlorobenzophenone CgH^Cl.CO.CgH, has been prepared by
heating monochlorobenzene with benzoic acid and phosphorus pent-

oxide. It crystallizes from a mixture of ether and alcohol in tufts of

brilliant flat needles, melting at 76°.

Diphenyl Carhinol, or Benzhydrol (CgllJgCII.OH.—This secondary

alcohol is produced by the action of nascent hydrogen on beiizo-

phenone
;

it crystallizes in silky needles, melting at 6 7°' 5.

rilENYL-TOLYL-METIIANE, OR BENZYL-TOLUENE i
C,H

I C,H,.C1T

Is one of the products obtained by lieating a mixture of toluene and
benzyl chloride with zinc-dust. It is a liquid boiling at 277°, and
possessing a fragrant, fruity smell.

r c.lf
Tolyl-phcnol Ketone .CO exists in two modifications,

which have been obtained by oxidizing benzyl-toluene, and by heating

a mixture of toluene, benzoic acid, and phosphorus jientoxide to 200°.

One crystallizes in flat pointed plates, melting at 57°. On heating it

with soda-lime to 270°, it is resolved into benzene and paratoluic

acid. The other modification is a liquid.

Benzoyl-benzoic Acid Cgllg.CO.Cgll^.COgll is produced by oxidizing
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benzyl-tohiene or tolyl-plienyl ketone with potassium dicliromate and

dilute sulphuric acid. -It crystallizes in thin needles or plates, melt-

ing at 194°, and sublimes at a high temperature in brilliant needles.

Benzliydryl-henzoic Acid CgH5.CH(0H).CgH^.C02H.—This glycollic

acid is a product of the action of tin and hydrochloric acid on an

alcoholic solution of henzoyl-benzoic acid. It is more freely soluble

in water than the latter, and crystallizes in needles, melting at 105°
;

it cannot be sublimed, but decomposes when more strongly heated.

Benzyl-hcnzoic Acid CgHg.CIh^.Cgll^.COgll.—To obtain this com-
pound, benzhydryl-benzoic acid is heated with concentrated hydriodic

acid. This reaction is perfectly analogous to the formation of acetic

acid from glycollic acid. It crystallizes from alcohol in glistening-

needles, melting at 155°, and subliming without decomposition. When
heated with lime it is resolved into carbon dioxide and diphenyl-

methane.

BENZYL-ETHYL-BENZENE 0^115.011.2.0^11^.02115

Is formed by heating a mixture of benzyl chloride and ethyl-benzene

with zinc. It is a licpud having a faint aromatic smell, and boiling at

294°. On oxidation, it yields benzoyl-benzoic acid.

C0II4.CH3

DITOLYL
I

OgII,.OH3

To prepare this hydrocarbon, solid bromotoluene is treated with
sodium. It crystallizes from ether in splendid monoclinic prisms,

melting at 121°. An isomeride has been obtained by the action of

sodium on monochlorotoluene
;

it is a liquid boiling at 272°.

DIBENZYL, OE DIPIIENYL-ETIIANE

0gIl5.0H2

0gll5.01l2

Is produced by acting with sodium on benzyl chloride. It crystallizes

from ether in large monoclinic prisms, melting at 52°, and
at 284°.

boiling

STILBENE, TOLUYLENE, OR DIPHENYL-ETHENE
CgHg.CH

II
.

CglIg.CII

This hydrocarbon is formed by the action of sodium on benzaldehyde
or benzyleue dichloride, as well as by passing the vapour of benzyl-

E E 2
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cliloride' over lieated soda-lime, or the va2')Our of dibenzyl over hot

lead oxide :

—

CJI,.C1I, C,II,.C1I

I

+ FoO =
II

-f llfi -f Pb
C,TI,.C1I, CeH,.CH

Tt is, however, most conveniently prepared by submitting benzyl

sulphide to dry distillation :

—

C„1I,.CH C,H,.C1I

>S = |l -p II^S

c,ii,.ch/ c,14CH

On slow evaporation of its ethereal solution, it is obtained in large

monocliiiic plates, melting at 120°, and boiling at 30G° By heating
it with concentrated hydriodic acid it is reduced to dibenzyl.

DiniirostiWene Cj4brj^Q(N02)2 bas been produced synthetically by
heating nitrobenzyl chloride with alcoholic potash ;

—

C(,H,(N02)CH2C1 CcH/NOhCII
-f 2K01I = “

II + 2KC1 -f- 211,0
C,H,(N02)CH2C1 CJI,(X02)CH

It forms brilliant yellow needles, having a green lustre, and sublimes
in yellow plates. By heating it with alcoholic ammonium sulphide

in sealed tubes to 100°, it is converted into diamidostilhcne

C,^n^o(NIl2)2, crystallizing from alcohol in white plates, melting at

170°. The hydrochloride Cj4Hjq(NHo),C12 forms white plates.

Toluylene or Stilhene BibromuU Cj4ll^2l»i’2> separates out in needles

when bromine is added to a solntion of stilbene in ether. By heating

it with alcoholic potash it is converted into monohromostilhene

Ci4lIiiBr, an oily licpiid, distilling with partial decomposition.

TokiyUnc Glycol Cj4H42(OII)2 exists in several isomeric modifica-

tions. Two of them are obtained by heating stilbene dibromide with

silver acetate and glacial acetic acid, and boiling the product with

alcoholic potash. One crystallizes in rhombic prisms, melting above

115°; and the other, called isoioluylcne glycol, forms slender needles,

melting at 9G°.

C6n,.cii.oii

llydrobcnzoin
\

.—This third isomeride is formed by the
C6n,.cir.on

action of zinc and hydrochloric on benzaldehyde. It forms large

rhombic plates, melting at 130°.

Cell^.ClI.OH

Benzoin
|

is produced by heating hydrobenzoin, or the

CA-CO _
two toluylene glycols, gently with nitric acid, and was first obtained

by adding benzaldehyde to an alcoholic solution of potassium cyanide.

It is therefore also formed by the action of alcoholic potash on crude
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oil of bitter almonds. It forms colourless prisms, melting at 137°.

Acetyl chloride converts it into the monacetate and

nascent hydrogen into hydrobenzoin.

Stilbcnc Glycol .—This fourth isomeric glycol is formed together, with

other products, when benzoin is heated with alcoholic potash. It

crystallizes in four-sided flat prisms, melting at 132°. Acetyl chloride

converts it into the clicLcetate forming colourless

needles melting at 135°.

Dcoxylenzoin, or Phenyl-henzyl Ketone
Coll. I

CclI.-CUo J

CO, was first

obtained by the action of zinc, and hydrochloric acid on benzoin. It

is also readily produced by heating monobromostilbene with water to

180°, and, together with other products, by distilling a mixture of

benzoate and phenylacetate of calcium. It crystallizes from alcohol

in plates, melting at 55°.

Stilbyl Alcohol, or Phenyl-benzyl Carbinol
^ |

CII.OII, is

produced by the action of sodium-amalgam on a hot alcoholic

solution of deoxybenzoin. It forms glistening, slender needles,

melting at 62°. Nitric acid oxidizes it to deoxybenzoin, and by boiling

with dilute sulphuric acid it is resolved into water and stilbene.

Acetyl chloride converts it into stilbyl acetate, a colourless, oily

liquid.

C,H,.CO
Benzil, or Dibcnzoyl is obtained by the action of nitric

C,H,.CO
acid or chlorine on benzoin, or by treating deoxybenzoin with bromine,

and heating the bromide CgHg.CBi^.CO.CgHg, thus formed with water.

Benzil crystallizes from alcohol in large, hexagonal prisms, melting at

90°. Nascent hydrogen re-converts it into benzoin.

Benzilic Acid, or Diyphcnylglycollie Acid (0^115)20 (0H)C02li is

formed when benzil is heated with a little potash and alcohol to 100°

It is readily soluble in alcohol and hot water, and crystallizes in

small monoclinic needles, melting at 150°, and possessing a bitter

taste. Oxidizing agents resolve it into water, carbon dioxide, and
diphenyl ketone, and when its barium salt is lieated with a little

soda-lime, it splits up into carbon dioxide and diphenyl ketone.

These reactions show that this acid contains the two phenyl-groups

linked to one carbon-atom, and therefore in its formation from benzil

a molecular change must have taken place.

Diphenylacetic Acid (C(.H5)2CH.C02H is produced by the action of

concentrated hydriodic acid on benzilic acid. It crystallizes from
boiling water in needles, melting at 146°. 'When heated with baryta

it is resolved into carbon dioxide and diphenyl-methane.
D ilihcnyltrichlorcthane (CgIlj;)2CII.CCl3 is obtained by the action of

sulphuric acid on a mixture of benzene and chloral :

—

2CJI3 4- COII.CCI3 = (CJl3)2CII.CCl3 -I- II2O
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It crystallizes from alcohol in shining white plates, melting at 64“.

On heating with alcoholic potash it is converted into Diphcnyl-

dichlorethene (Cgli
5
).,C.CCl

2
crystallizing in large flat prisms, melting

at 80°.

Dlp]ienylpro2nonic Acid, or Dibenzylcarlonic Acid
|

C„H,.CH.C02ir
The ethyl-ether of this acid lias been obtained by the action of

sodium-amalgam on a mixture of benzyl chloride and ethyl chloro-

carbonate. Oipheiiyl])ropionic acid crystallizes from alcohol in thin

needles, melting at 84°. On lieating with lime it is resolved into

carbon dioxide and dibcnzyl (or stilbene and hydrogen).

Dipliciiyhuccinic Acid, or Dihcnzyldicarl)onic Acid
C,H,.CH.C02lI

0^115.011.00211

is produced by the action of alcoholic potash on phenyl-broniacetic

acid, OjjH^.OHlh’.OOgll. It forms hard white prisms, and when
heated with lime yields dibenzyl and stilbene.

TOLAXE, OR DIPHEXYL-ETHIXE
O

5
H

5
.O

111
-

O
5
H

5
.O

To prepare this body, stilbene dibromide must be heated with
alcoholic potash for a long time. It forms long prismatic ciystals,

melting at G0°. With bromine it forms tolane dibromidc Oj^II^()P)r
2 ,

which exists in two isomeric modifications
;
one crystallizing in white,

flat scales, melting at 200®, and the other in long, brittle needles,

melting at 64°. When either of them is heated with water to 180°,

for some hours, a large portion is always converted into the other

modification. On lieating them with alcoholic potash, tolane is

regenerated, and aldehyde is formed, which by the potash is converted

into aldehyde-resin ;

—

C5ll5.CP>r CJI5.C

II
-t 2KOII -b C 2

H
0
O =

III
-b 2KP>r -b CJ1,0 -b 2 II

2
O

Coll5.CBr C5H5.C

This example shows very well the energetic resistance which
hydrogen, contained in the aromatic nucleus, otters to oxidation. Thus
while stilbene clibroinide, when acted on by alcoholic potash, readily

loses the two hydrogen-atoms contained in the side-chain in the

form of water, tolane dibromide under the same conditions parts only

with the bromine, and the oxygen of the potash converts the alcohol

into aldehyde.
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DIMESITYL-METHANE
CeII,(CH3)3

CeH2(CH3)3

This compoiincl is readily obtained by the action of sulphuric acid

on a solution of mesitylene, and formaldehyde, or methyl alcohol

and chromic trioxide in glacial acetic acid :

—

2C,H3(CH3)3 -f Clip = CH,[C,H,(CH3)3]3 -P H,0

It crystallizes from ether in large monoclinic prisms, melting

at 130°.

TRIPIIENYL-METHANE CH (Cgll5)3.

To prepare this hydrocarbon, mercury-diphenyl is heated ^Yith

benzylene dichloride to 150°.

C.lipRGl, + 2(CA),Hg = CH(C,1I,)3 + 2CeH,HgCl

On evaporating its alcoholic solution, it separates out in large

lustrous crystals, melting at 92°-5. It combines with benzene, forming
large transparent crystals, consisting of CH(CgH5)3 -f Cgllg, and
melting at 76°. ^^'hen this compound is exposed to the air, benzene
volatilizes, and the crystals become opaque and brittle. Triphenyl-

methane does not combine with toluene.

DIPHENYL-DIETHINE 04(0^115)2.

AVhen copper-ethinyl-benzene (page 385) is shaken with concen-

trated alcoholic ammonia in presence of air, the following reaction

takes place :

—

0gH5.0^0 . OgHg 0=0
)0u, -f- O2 =

\
+ 20u0

OgHg.O^O^ “ OgH5.0^0

Diphenyl-diethine crystallizes from alcohol in long needles, melting

at 94°, it combines with bromine, forming a viscid octobromide

04^I’8(^C^^5)2-

DIPHTIIALYL OgH4<^Q__^Q>OgH4

When phthalic acid is boiled with phosphorus pentachloride, it is

converted into chloride 0gli4(0001)2, which, when lieated

with silver-dust, yields diphthcdyl, a crystalline solid, melting a little
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above 300°, and subliming in soft, pale-yellow, interlaced needles.

Nitric acid oxidizes it to diphtlbcdic acid

forming microscopic needles, melting at 265°. By beating tins acid

above its melting-point, it yields diplitlialyl, and plitlialic anliydride,

whilst by boiling it with nitric acid for some time it is oxidized to

phthalic acid.

TETRAPIIENYL-ETIIENE C.3(CgH5)^.

By acting with pliosphoriis pentachloride on diplieii}d ketone it is

converted into diplicnyl-dicldoromethane (C(.ll
5) 2

C(J]
2 ,

and this com-
pound, when heated with silver-dust, yields tetraphenyl-ethene,

crystallizing from hot benzene in pointed prisms, melting at 221°.

Hot concentrated sul23huric acid converts it into tetruphcnyl-tetra-

sulphonic acid, which, when fused with potash, yields the corresponding

phenol, or

Tetroxytetraphenyl- eihene C
2
(C(.H^.OH)4 crystallizing from hot

glacial acetic acid in very thin, small plates, which in the air as-

sume a faint violet tinge. On adding ferric cliloride to a solution

of this phenol in acetic acid, a dark blood-red liquid is formed,

from which crystals, having a metallic lustre, and consisting of

(
CeH,.OH

I C H \ //

Cg sexDarate out on standing. This quinone is insoluble

(cX-OH.
in water, and dissolves sparingly in alcohol, but freely in alkalis, with

an intensely bluish-green colour, which, by the action of zinc- dust,

disappears. These properties show that this compound is nearly

related to the phenol-colours.

Benzpinaconc, or Tctraijlicnyl-ethene Glycol (CgTI^)
4
C

2
(OH)2 is q»ro-

duced by the action of zinc and sulx)huric acid on diphenyl ketone ;

—

(c,n,)2CO (c,-K,\c.oii

+ II., =
I

(c,n,)2C0 “ (c,ii,)2C.oh

It forms very small }3risms, melting at about 180°; oxidizing agents

convert it again into dix^henyl ketone, and with water and sodium
amalgam it yields diphenyl carbinol.

DIPHENYL-BENZENE CeH^(C(,ir5)2-

This hydrocarbon is formed, together with diphenyl, wlien benzene

is passed through a red-hot tube, and is also xuoduced, by the action

of sodium on a mixture of monobroniobenzene and j)aradibromo-
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benzene. It forms colourless crystals melting at 205°, and boiling

at about 400°. On oxidizing it with a solution of chromic trioxide

in glacial acetic acid it yields iMradiphenylcarhonic or parcqAicnyl-

henzoic acid C(.H
5
.CgH^.C0 .2

H, crystallizing from alcohol in tufts of

needles, melting at 216°, and subliming in long needle-shaped crystals.

By heating it with lime it is resolved into carbon dioxide and di-

phenyl, and by further oxidation it is converted into terephthalic

acid.

TKIPIIENYL-BENZENE (0^115)3

Is formed by heating methyl-phenyl ketone with phosphorus pent-

oxide
;

this reaction is perfectly analogous to the formation of

mesityleue from dimethyl ketone :

—

3CeH,.CO.Ctl3 = (C,1I,)3C,II3 -f SlI^O

It crystallizes from ether in short prisms, melting at 167°.

INDIGO-GltOUP.

Incligotin, or Indicjo-bhic C^glljQlSrgOg, occurs as glucoside, called

Indican, C 52
Hg

2
N2^34 different species of Indigofcra, growing in

India, Africa, and South America, and in Isatis tinctoria, Polygonum
tinctoriuiii and Nerium tinctorium. It is a brown syrup, having a

nauseous, and bitter taste. On boiling it with a dilute mineral acid,

it is resolved into a kind of sugar and indigotin :

—

^52^02^2^34 + 4II
2
O = Cj(.H^Q]Sr202 + dCgll^gOg

Indigo is obtained by macerating the plants with water, exposing

the liquid in flat vessels to the • air, and stirring it up frequently.

Fermentation soon sets in, and indigo is deposited as a blue powder.

It comes into the market in the form of cubic cakes, which, when
rubbed with a hard body, exhibit a copper-red lustre.

Indican sometimes occurs in human urine which, on standing or

by adding an acid, deposits indigotin.

Commercial indigo is a mixture of different bodies; to obtain pure
indigotin, finely powdered indigo, grape-sugar, and strong soda-lye,

are put in a flask, which is filled with hot alcohol and corked. In the

place of grape-sugar and alcohol, ferrous sulphate, and hot water may
be used. After standing for some hours, a yellow, clear solution is

obtained, containing hydro-indigotin or indigo-white
;
on exposing it

to the air it absorbs oxygen, and indigotin is precipitated as a crystal-

line powder.

Indigotin has a deep-blue colour with a purple tinge
;

it is in-
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soluble in water, alcohol, dilute acids, and alkalis, but dissolves in

boiling aniline, with a fine blue colour, and in hot paraffin witli a

purple colour
;
on cooling it is deposited in crystals, AVhen heated

to about 300°, it volatilizes in purple vapours, condensing in prisms,

having a purple lustre.

Indigotin has also been obtained synthetically by heating the

syrupy modification of methyl-nitrophenyl ketone until it is converted

into a solid mass, which, when carefully heated with soda-lime and
zinc-dust, yields a small quantity of indigotin. This reaction gives

a clue to the constitution of indigotin :

—

0,KCJI,.C0.Cir3 N.CqII^.CO.CII

=
11 II + 211,0 + 0.,

O2N.CclI4.CO.CH3 N.CcII,.CO.CH

When indigo is boiled with caustic soda and manganese dioxide it

yields 1‘2 amidobenzoic acid:

—

2 (N.Ccll4.CO.CH) -i- CNaOlI -f 20, =

2(H2N.CcIl4.C02Na) -f 2Na,C03 + 2II2O

By distilling indigo with potash, pure aniline is obtained :

—

2(N.CcH4.CO.CH) q- 8KOH -f 2II2O =

2(H2N.Ccig + 4K2CO3 +m,

HN.CclI4.CO.ClI
HijdrO'indigotin, or Indigo-ioliitc C4cH^,N20., =

|
||

HN.CcH,.CO.CH
stands in the same relation to indigotin as hydrazobenzene to

azobenzene. To obtain the pure compound, its alkaline solution,

which has been mentioned already under indigotin, is decomposed

by hydrochloric acid in an atmosphere of carbon dioxide
;
the pre-

cipitate is washed with water, which has been freed from air by
boiling, and dried in a current of hydrogen.

Indigo-white is a crystalline white powder, which in the moist state

rapidly absorbs oxygon, and is oxidized to indigotin.

The existence of this compound is made use of in the dyeing of

cotton-goods. An “indigo-vat” is prepared by mixing one part of

powdered indigo with two parts of ferrous sulphate, three parts of

slaked lime, and 200 parts of water. After the mixture has stood

for some time, the goods are steeped in the liquid and then exposed

to the air, when indigotin is gradually deposited in the fibre.

Indigotinsidjjhonic Acids .—Indigo or indigotin dissolves in liighly

concentrated sulphuric acid with a deep-bine colour; on diluting this

solution with water, a blue precipitate of the monosidjdwnic acid, or

snIg)ho2rur2)uric acid C4cHgN2O2.803ll, is obtained, which is insoluble
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in dilute acids, but dissolves in water. Its purple salts dissolve in

water with a blue colour.

The filtrate from this acid contains indigotindisid]ihonic acid

(indigo-sulphuric acid) CigHgN202(S03H)2, which is separated from

the excess of sulphuric acid, by steeping white wool into the liquid

until it is dyed a deep blue. After being washed with water, the

wool is treated with ammonium carbonate, and the blue solution pre-

cipitated with lead acetate. On decomposing the precipitate with

hydrogen sulphide, a colourless solution of hydro-indigotindisul-

phonic acid is obtained, which readily absorbs oxygen and leaves

on evaporation indigotindisulphonic acid as a blue amorphous mass.

It forms blue amorphous salts.

Potassium and Sodimn indigotmdisulpJwnates are obtained as blue

precipitates by neutralizing a solution of indigo in sulphuric acid

with potassium or sodium carbonate. They are insoluble in salt-

solutions, but dissolve in water with a fine bluG colour and are found

in commerce under the name of “ indigo -carmine,” or “indigo-

extract.”

N.CcH^.CO.C.OlI
Isatin =

|| ||
is conveniently prepared by

N.CJT,.CO. C.OH
adding gradiially nitric acid to a boiling mixture of finely-powdered

indigo and water, until the blue colour has completely disappeared.

It crystallizes from hot water in brilliant yellowish-red prisms, dis-

solving in water and alcohol with a brown colour, and yielding

with alkalis a violet solution. When alcoholic potash is carefully

added to an alcoholic solution of isatin and silver nitrate, a wine-red

precipitate of silver isatite C^(.Il3Ag2N20^ is obtained.

On heating isatin it melts, and sublimes with partial decomposi-

tion. It conilunes with the acid sulphites of the alkali-metals,

forming crystalline compounds.
When heated with a solution of phosphorus in phosphorus tri-

chloride, it gives a green solution, from which, after adding water and
exposing the liquid to the air, indigotin is gradually deposited, which
is formed by the reducing action of the phosphorus.

Nitrous acid converts it into nitrosalicylic acid, and on distilling

it with Y>otash it yields aniline, hydrogen and potassium carbonate,

lly passing chlorine into its hot aqueous solution, it is converted into

d/icldorisatin C\(,l 13012^2^^4’ crystallizing in orange-red prisms, and
tetrachloriscdin (J^QlIgCl/N20 .p

Avhich forms reddish needles. When
these two compounds are distilled with potash, they yield monochlor-
and dichloraniline, which coniYmunds were discovered by this reaction.

Ih'omine acts on it in an analogous manner.
Isatindisidphonic Acid C^(.lIgISr20^(S03lI), has been obtained by

oxidizing indigotindisulphonic acid with chromic acid. It is very

soluble in water, and does not crystallize well. Its salts have a red or

orange colour. Barium iscdindisidphoned

c

0'j^ll8NjO^(SO3)2
k>a crystal-

lizes in bright-red scales.



428 THE CIIEMISTHY OF

Trioxindol or Isatic Acid —When the violet solution of
isatin in potash is lieated, it becomes yellow, and, on evaporation,

yellow crystals of E>otassinm isatatc are deposited. By
decomposing it with an acid, trioxindol is obtained as a white
powder, which is soluble in water, and is resolved by heat into

isatin and water.

Hydro-iscdin or —This hydrazo-compound is

formed by the action of hydrochloric acid and ziuc, or ammonium
sulphide on isatin. It is not soluble in water, but dissolves in alcohol,

and forms thin, colourless crystals.

liN.CglI,.C(OH)=C.OH
Dioxindol CjgI:I^^lSr20j =

| |

is produced by
IIN.CgI4C(01I)=C.0II

the action of sodium-amalgam on an alkaline solution of isatin. On
evaporation the sodium salt C^gll^

2
^^

2
^2^4 + 4 II

2
O is obtained in

silvery crystals.

Dioxindol crystallizes in yellow prisms
;

it is soluble in water and
alcohol, and combines not only with bases but forms also with acids

crystalline compounds. When heated it melts, and then decomposes,
aniline being formed. The oxygen of the air oxidizes it to isatin, and
on heating it with silver oxide it yields benzaldehyde.

IIN.CgH,.CII=C.01I
Oxindol C^gH^^N202 =

| |

is formed by treating

IIKCgH,.CH=C.OH
dioxindol with hydrochloric acid and tin or sodium-ainalgain. It

crystallizes from hot water in colourless needles, melting at 120 °. It

volatilizes without decomposition, and when its aq^ueous solution is

exposed to the air it absorbs oxygen, and is oxidized to dioxindol and
isatin. It combines with bases and with acids.

Indol CjgII^
4
N'2 has been obtained by heating oxindol with zinc-

dust, and synthetically by fusing metanitrociunamic acid with caustic

j)otash and iron-filings :

—

0<,N.CgIL.CII=CH.C02H im.CgII,.CII=ClI

=
1 1

2CO., -h 20.2

()2KCgII,.CH=CII.C02lI HX.Cgll, CH=CII

Indol is also one of the products of the pancrcatic digestion, and
the indican sometimes occuriiig in urine is derived from this source

;

this is shown by the fact that after the subcutaneous injection of

indol, a considerable quantity of indican constantly appears in the

urine.

Indol is a weak liase crystallizing from hot water in large colour-

less plates, melting at 52°, and ])ossessing a disagreeable odour, wliicli

it imparts to the fneces. It readily volatilizes with steam, and can

be distilled without decomposition. When very dilute red fuming

nitric acid is added to its aqueous solution, a red crystalline precipitate

is formed, which by boiling witli the water, is reconverted into indol.

A different compound, crystallizing in long red needles, is obtained
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by passing nitrogen trioxide into its alcoholic solution. When pine-

wood is steeped in an alcoholic solution of indol, containing hydro-

chloric acid, the wood assumes a cherry-red colour, which soon

changes into a brownish-red.

NAPlITIIALENE-GEOUr.

NAPHTHALENE C^^Hg.

This hydrocarbon is formed by the destructive distillation of many
carbon-compounds, a larger yield being obtained when the products

are exposed to a red heat. It is, therefore, found in cpiantity in coal

and wood-tar. But even substances which are comparatively rich in

hydrogen as alcohol, ether, acetic acid, &c., yield some naphthalene,

when their vapour is passed through a red-hot tube.

It occurs also in “ Itangoon tar,” or the petroleum from Burmah,
and has been produced synthetically by passing the vapour of phenyl-

butene dibroniide (page (402), through a red-hot tube :

—

CcH,.C,ILBr, = CgH,.CJI, -f 2HBr + II^

Naphthalene is obtained from the portion of coal-tar boiling between
180° to 220° from which, on cooling, crude naphthalene crystallizes

out, which is purified by pressing it to remove oily substances, and
then submitting it to sublimation or crystallization from alcohol.

Naphthalene crystallizes in large, transparent, brilliant plates,

melting at 80°, and possessing a faint, peculiar odour and a burning
taste. It boils at 217°, but sublimes readily at a much lower tempera-
ture. On mixing hot alcoholic solutions of naphthalene and picric acid,

the compound Cj^Hg -f Cgll
2
(N02)30 lI crystallizes on cooling in

golden-yellow needles, which are grouped in stars. This compound
is not decomposed by re-crystallization from alcohol or benzene, but
ammonia resolves it into its constitutents.

When naphthalene is boiled with dilute nitric acid, it is oxidized

to phthalic acid and oxalic acid.

In its chemical character, naphthalene bears a great resemblance to

benzene, and its constitution is best explained by the following

graphical formula :

—

II II

I I

C C
y \ / X

II—C C C— II

II—C C C— II

c c

II II
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Naplitlialene, therefore, would consist of two aromatic nuclei,

which have two atoms of carlmii in common. The correctness of

this liypothesis has been proved in the following way :

—

AVheii naphthalene is oxidized, phthalic acid CgH^(C02H).2 is

formed
;

this acid can he obtained in two different ways from
naphthalene

;
viz., either by destroying the one or tlie other aromatic

nucleus. Such an experiment cannot, of course, be made with
naphthalene itself, because we have no means of distinguishing

l)Ctween the two groups. It appears, therefore, necessary, first, to

replace hydrogen in one of the nuclei, and then find out, which is

attacked and which not.

On oxidizing dichloronaphthaquinone, C^qH^C1.,0"2, phthalic acid

is formed, a fact proving that in the quinone all the oxygen and
chlorine are combined with those four atoms of carbon which are

oxidized, the formula of dichloronaphthaquinone being, therefore,

C(.H^.C^01 .20 ".
2

. By acting with phosphorus pentachloride on this

compound, the dyad group, 0"
2 ,

is replaced by chlorine, and at the

same time one atom of hydrogen is substituted, pentachloronaphtha-

lene being formed :

—

+ 2PC1, = C.oHsCl, + HCl + 2POCL

Now, if by the oxidation of this compound the same carbon-atoms

were attacked as in the quinone, monochloroplithalic acid would be

formed, but the product was found to be tetrachlorophthalic acid,

which proves that the second aromatic nucleus has now been

destroyed, and that naphthalene has really the constitution assigned

to it. This will be clearly seen by the following formuhe :

—

Naplitlialene.

c,ii,.c.2.cvi.

Dichloronaplitliaqniiioiie.

C,H,.G2.C,Cl202"
rentachloronaphthalene.

. C,H3C1.C2.C,C1,

Phthalic Aciih

C,H,.C2(C02H)2
Tetrachlorophthalic Acid.

(C0.2lIj2C2.C,Cl,

Whilst among the mono-substituted benzenes no isomeric forms

occur, we find that the monosubstitution-}iroducts of najihthaleue can

exist in two isomeric modifications. This can also be easily explained

from the constitution of this hydrocarbon. By representing it by
two hexagons and numbering the corners,

10 4

\/7\/ "

8 C

we find that each of the carbon-atoms occupying the positions

1, 3, 0, and 8, is combined with one other (2 or 7) in which all the
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combining nnits are saturated with carbon, whilst the atoms 4, 5, 9

and 10, are combined with carbon-atoms to which hydrogen is

attached. The functions of the atoms 1, 3, 6 and 8 will, therefore,

differ from those of the four latter.

Naphthalene forms additive compounds much more readily than

benzene.

HYDKONAPHTHALENES.

DihyclronaijhtJiaUne, or Naplithydrene C^qI4^q.—When naphthalene

is heated with potassium a black compound is formed, having pro-

bably the composition C;^(jHgK
2 ,
inasmuch as water decomposes it

into caustic potash and dihydronaphthalene. The same hydrocarbon
is produced when naphthalene is heated with 20 parts of concentrated

hydriodic acid to 280°. It is a colourless, oily liquid, boiling at 210°

and possessing a penetrating smell.

TctraJiydronaphtlicdene obtained by heating 10 parts of

naphthalene with 3 parts of amorphous phosphorus and 9 parts of

hydriodic acid to 250°. It is a liquid, boiling at 205°, and possesses

a peculiar, but not strong odour.

Both hydrides are resolved into naphthalene and hydrogen, when
their vapour is passed through a red-hot tube.

NAPHTHALENE CHLORIDES.

Naphthalene Dichloride CjoHgCl 2
.—When chlorine is passed over

naphthalene, it melts and absorbs the chlorine completely, the first

product being naphthalene dichloride, a heavy, pale-yellow oil, which
by repeated distillation, or by the action of alcoholic potash, is resolved

into hydrochloric acid, and monochloronaphthalene.

Naphthalene Tetrachloride C^gHgCl^ is produced by the continued
action of chlorine on the dichloride, and is a solid, crystallizing from
chloroform in transparent rhombic plates, melting at 182°.

Dichloronaphthydrone Glycol CjQHgCl
2
(OIT

)2 is obtained by heating
the tetrachloride with 30 parts of water to 190°. It is soluble in

water, and crystallizes from ether in large, hard prisms. By heat-

ing it with acetyl chloride it is converted into the diacctatc

C^oHgCl 2
(OC

2
H30 j 2 ,

crystallizing from ether in hard, short prisms,
melting at 130°,

r Cl
Naphthalene Dichlorhydrate CjQHg-| is obtained by dissolving

naphthalene in concentrated hjqoochlorous acid, and forms pale-yellow

prisms. Alcoholic potash converts it into naphthene alcohol, or

naphthalene tctrahydroxide C\QHg(01I^), crystallizing from alcohol in

colourless prisms.
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SUBSTITUTED NArUTIIALKNES.

MonochloroncqyhtJialeue C^qH^CI is conveniently prepared by boiling

naplitlialene dichloride Avitli alcoholic potash. It is a thin, colour-

less, strongly refractive liquid, boiling at 251°, and smelling like

naphthalene.

a DicMoronaplitliaUnc, C^q1I^.C1., is produced by the action of caustic

potash on naphthalene tetrachloride. It is a crystalline mass, melting

at 86°, and boiling at 281°.

/3 Dichloronaphlhalene is obtained, together with its isomeride as a

bye-product in the preparation of the tetrachloride, and crystallizes in

glistening, brittle prisms, melting at 68°, and boiling at 282°.

The different cldoronaphthalenes comhine like naplitlialene with
chlorine, whilst the naphthalene chlorides yield products of substitu-

tion by the further action of chlorine, lly decomposing these

different additive products with alcoholic potash, higher chlorinated,

naphthalenes are obtained, which are all crystalline solids, and exist

in different isomeric forms.

Perchloronaphthalene C^qCIq is the final product of this reaction,

and forms- brilliant rhombic crystals, melting at 135°, and boiling

at 403°.

Monohromona'pMhahne CiqH-Bi‘.—Bromine does not combine with

naphthalene, but forms substitution-products, the first being mono-
bromonaphthalene, a colourless liquid boiling at 277°.

Bihromonaijhthalcnc C^QlIgBi^, crystallizes in long silky needles,

melting at 81°.

The higher brominated naphthalenes are also crystalline solids.

Moniodona^plithalenc is formed by the action of iodine on

merciiry-dinaphtliyl
;
it is a thick, colourless liquid, boiling above 300°.

MononitronapMhalcne is best prepared by dissolving

naphthalene in glacial acetic acid, and boiling the solution with com-
mon nitric acid for half an hour. It crystallizes from alcohol in pale-

yellow prisms, melting at 61°, and subliming when caretully heated.

a J)initrona]oht]icdcnc Cj(,lI(.(NO
.^).2

is formed, together with the

following compound, by boiling naplitlialene wuth concentrated nitric

acid until the oily layer has completely disappeared. It is sparingly

soluble in glacial acetic acid, and forms colourless prisms, melting

at 211°.

ft Dmitroiiaiihthcdcnc is more freely soluble in acetic acid, and
crystallizes in brilliant, yellow, rhombic plates, melting at 170°.

Both compounds are not volatile, but detlagrate on heating.

a Trinitronaphthcdeiic CjqIL5(]S’0.,)2 is formed by boiling, a dinitro-

naphthalene with red fuming nitric acid. It crystallizes from chloro-

form in large monoclinic plates, melting at 122°, and detonating when
more strongly heated.

ft
TrinUroiuqddhalcnc is formed by adding concentrated sulphuric
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acid to a mixture of ^ dinitronaplithalene, and fuming nitric acid.

It forms fine crystals, melting at 213°.

7 Trinitronaphthalene lias been obtained by heating a dinitro-

naphthalene with a mixture of sulphuric and nitric acids. It crystal-

lizes from nitric acid in brilliant, pale-yellow plates, melting at 147°.

a Tetranitronaphthalene CiqH^(N02)4 is produced by the continued

action of nitric acid on the a nitro-coinpounds. It crystallizes from

chloroform in light-yellow, hard, rhombic prisms, melting at 259°.

/S TetTanitronaplUhalcne is obtained in the same way from the jB

compounds, and forms thin needles, melting at 200°.

Amidona'plithaltne, or Naphthylamine, C^oH^.NHg, is prepared from

nitronaphthalene by the same reactions by which nitrobenzene is

converted into aniline. It crystallizes in colourless needles, melting

at 50°, and possessing a disagreeable odour like indol. It boils at

300°, and is almost insoluble in water, but dissolves freely in alcohol.

Its salts crystallize well, and by acting with an oxidizing agent on
their solution, a blue precipitate is formed, whicli soon changes into a

purple powder of oxy-amidonaphthalene C,oH,0(NH2).

r c H
Naphthyl-phenylamine, or Phenyl-amiclonaphthaUne NH

-]

^

formed by heating aniline and amidonaphthalene hydrochloride to

280° for 36 hours ;

—

IS

C40H..NH2.CIH + CgH5.NH2 = NH4CI + Nh|

It forms small crystals, melting at 60°, and boiling at 315°
;

its solu-

tion exhibits dichroism.

a Bi-amidonaphthaUne, or Naphthidine C
4
QHg(NIl

2)2 ,
is obtained by

the action of reducing agents on a dinitronaphtlialene, and forms
brilliant prisms, melting at 175°. Its sulphate and hydrochloride are

but sparingly soluble in water.

/3 llinitronaphthalene forms an isomeric compound.
( C II-

Amidoazonaphthalcne 1 produced by adding potas-

sium nitrite to a solution of amidonaphthalene hydrochloride. It

crystallizes in orange needles, having a beetle-green lustre, and forms
salts, having an intensely violet colour, but which are very unstable,

being decomposed by water. On silk it dyes a fine orange shade, which
on dipping it in hydrochloric acid becomes purple, and on washing with
water again yellow.

AzoMnaphthjl-rcd N,
-j, c^^h,.NH(C„H,)

amidoazonaphthalene with amidonaphthalene
{

is obtained by heating

The free base is

hardly known. The hydrochloride is used for dyeing silk, and found
in commerce under the name “ ]\Iagdala-red.” It dissolves in alcohol

with a-deep red colour, and crystallizes in needles, having a beetle-

green lustre. Its dilute solution exhibits a splendid
0 F F

bright-red
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fluorescence. The salts of this base are not decomposed by alkalis,

but only by long digestion with water and silver-oxide.

NaiolithalenesuliJlionic Acid CjQlI^.SOgH exists in two isomeric

forms, which are produced by dissolving naphthalene in hot, strong

sulphuric acid. To separate them the dilute boiling solution is

neutralized with lead carbonate
;
on cooling, the lead salt of the (3

acid crystallizes in thick scales, and by evaporating the mother-liquor

the salt of the a acid is obtained in large thin plates. Both salts are

purilied by crystallization, and decomposed by hydrogen sulphide.

a Na2)hthahncs%d])lionic Acid is a crystalline, deliquescent mass,

which, when heated with dilute hydrochloric acid to 200°, is resolved

into naphthalene and sulphuric acid :

—

C.oHy.SOsH + HgO = C.oHg + SO,H2

(3 Naplitlialenesulphonic Acid is a soft, laminated, crystalline mass,

whicli is not deliquescent and hardly changed by hydrochloric acid

at 200°. Its salts are less soluble in water than those of the a acid,

and more stable at a high temperature.

OXYNAPIITHALENES.

Monoxynaphthalene, or Naplithol C^qH^.OH.—The phenol of na])hth-

alene exists in two isomeric moditications, which are obtained by
fusing the sulphonic acids with potash.

a Naplithol crystallizes from hot water in silky monoclinic needles,

melting at 94°, and boiling at 280°, but subliming at a much lower

temperature. It has a burning taste and a faint smell, resembling

that of common phenol. Its dust attacks the mucous membranes,
and produces violent sneezing. By adding a solution of bleaching-

powder or ferric chloride to its aqueous solution, it assumes a deep-

violet colour, and soon a tlocculent, violet precipitate makes its

appearance.

(3 Naphthol forms small, brilliant needles, melting at 122°, boiling

at 290°, and subliming when gently heated without previously

melting. It has a burning taste, but hardly any smell
;

its dust

produces sneezing. With bleaching-powder or ferric chloride it does

not yield a violet colouration.

Both naphthols readily form metallic compounds, like other

phenols.
C II- ) • •

a Naphthyl-ethyl Ether ^ j- 0 is obtained by acting with ethyl

iodide on an alcoholic solution of potassium a naphthate. It is a

colourless liquid, boiling at 280°, and possessing a peculiar smell.

yS Naphthyl-ethyl Ether is produced by the same reaction from

naphthol, and forms a crystalline mass, melting at 33°, and smelling

like pine-apple.
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M onocliloi'onajphtliol C^oHgCl.OH has heen obtained by distilling

dichloronaphthydrene glycol with hydrochloric acid, It forms long,

thin, and exceedingly fine needles, melting at 109°, and emitting the

odour of phenol. On dissolving it at a gentle heat in a little sulphuric

acid, and adding a crystal of oxalic acid, a violet colour is produced.

The production of this phenol may be explained by assuming that a

chlorhydrate is formed as an intermediate product, which readily

loses hydrochloric acid, just as naphthalene tetrachloride yields by dry
distillation dichloronaphthalene :

—

C,„HsCl,
I

= C„U„C1.0H + 2HC1

Mononitronciplitliol C^(jHg(N0.2)0II.—When amidonaphthalene is

boiled with glacial acetic acid, it yields acetyl-amidonaphthalene,

which by adding fuming nitric acid to its solution in acetic acid is

converted into the mononitro-compound. By boiling this body with
concentrated soda, it yields the sodium compound of mononitro-
naphthol :

—

CioH»(NO,)N
I
“

JJ Q + 2NaOH = C,„H„(NO,)OH +

CjHjNaO^ + NH,

It crystallizes from boiling water in golden-yellow needles, melting

at 164°, and forms salts having an orange or red colour. The same
compound is formed, but only in a small quantity, by the continued
action of potash-lime on nitronaphthalene in presence of air.

a Dinitronafhtliol C^oH5(N02)20H is obtained on the large scale by
adding sodium nitrite to a solution of amidonaphthalene and hydro-
chloric acid, and boiling the diazonaphthalene chloride thus formed
with nitric acid. It is also produced by gently heating a solution of

a naphtholsulphonic acid w'itli nitric acid.

a Dinitronaphthol cry^stallizes from alcohol in lemon-yellow needles,

melting at 138°, and has pronounced acid properties, decomposing
carbonates, and forming salts having a yellow’ or orange colour. The
sodium and calcium salts are used for dyeing wool yellow, and knowm
by the name “ naphthalin-yellow.”

/3 DinitronaiMwl .—Pure ^ naphthol is not nitrated by nitric acid,

but by heating its alcoholic solution w'ith nitric acid the dinitro-

compound is formed. It crystallizes in brilliant, pale-yell ow’ needles,

melting at 195°, and forms salts having a yellow’ or orange colour.

Dioxynaplithakne C^(,IIg(OH)
2

.—To prepare this body, naphthalene
is heated for some time w’ith sulphuric acid, in order to convert it into

naphthalenedisulphonic acid, which is fused w’ith potash. Dioxy-
naphthalene is sparingly soluble in w’ater, and freely in alcohol, and
crystallizes in needles, which sublime on heating. Its solution exhibits

a bluish-green fluorescence.

Naphthoquinone C^oIIgO^ is formed by treating a solution of
naphthalene in w'arm glacial acetic acid, with a solution of chromic

F F 2
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trioxide in the same solvent. It readily sublimes in bright-yellow

crystals, melting at 125°, and is volatile in the vapour of water
at 100°, comnmnicating to it a pungent odour, resembling that of

ordinary quinone.

Nccphtliohyclroquinonc C;^oHg(OH), is prepared by boiling the quinone
with strong hydriodic acid and amorphous phosphorus; on cooling,

the hydroquinone is deposited in long colourless needles, melting at

176°. Oxidizing agents reconvert it into the c|uinone. It differs

from the isomeric dioxynaphthalene by being more readily soluble in

water.

Kaplitlioqninliydrom C^qIIj.

| q
by l)oiling an aqueous solution of napthohydroquinone with naphtho-
quinone, or by boiling the latter with weak hydriodic acid, and
amorphous phosphorus

;
it forms dark-purple crystals.

Bicliloronaphthoquinone is produced by the action of

potassium chlorate and hydrochloric acid on a dinitronaphthol. It

crystallizes from hot alcohol in yellow needles.

Dichloronaijhthohydroqiiinone CgH
4Cl.,(OU)g is obtained by boiling

the preceding compounds with hydriodic acid and phosphorus, and
crystallizes in colourless prisms.

OxychloronaqjJithoquinone, or Chloroonynaplitlialic Acid. CjqTT^(OII)

C10», is formed by treating chloronaphthalene dichloride with nitric

acid
;

it forms yellow crystals, melting above 200°, and forms salts

having a yellow or red colour. By dissolving dichloronaphthoquinone

in hot soda-solution a crimson liquid is obtained, containing the

sodium-salt :

—

—This body is obtained

CioII,Cl,02 -1- 2NaOH = CioH,(ONa)C10i' -j- NaCl -h IIoO

Bioxynaplithoquinone, or Naplitliazarin C\qH^(0H)20s.—

T

his com-
pound is prepared by heating sulphuric acid to 200°, and adding one-

tenth of its weight of a dinitronaphthalene, and then gradually zinc.

After cooling the solution is diluted with 10 parts of water, boiled

and filtered. The gelatinous mass which separates out on cooling is

crystallized from alcohol, and thus the compound is obtained in brown
needles having a green lustre. On heating it sublimes in feathery

tufts with a brilliant beetle-green reflection. In alkalis it dissolves

with a beautiful blue colour; this solution yields blue precipitates

with the salts of barium, calcium, and lead
;
alum produces a red lake

find ferric salts a bluish-grey precipitate. Bed-hot zinc-dust reduces

it to naphthalene, and when sodium-amalgam is added to its aqueous

solution it becomes colourless, showing that this body is a quinone,

whilst its metallic compounds prove that it is also a phenol.

NcqdUhylqnuqmric Acid —By acting with potassium

cyanide on an alcoholic solution of a dinitronaphthol a deep-red

solution containing the potassium salt of this acid is obtained. The

free acid has not yet been obtained, but a series of salts has been

prepared, resembling the isopurpurates, but crystallizing not so well
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(see paffe 336). On fusing? them with potash, they yield herniinellitic

acid C,H3(C02H)3.
Indophane 02.2^1^0X404 is produced together with naphthylpurpiiric

acid by adding a hot concentrated solution of potassium cyanide to a

solution of a dinitronaphthol in ammonia. A violet precipitate, having

a brilliant beetle-green lustre, is obtained, and purified by washing it

with hydrochloric acid
;
this compound is only soluble in acetic acid

and sulphuric acid, forming a beautifully coloured solution. The
potassium salt C22H()KX404 is produced by heating indophane wuth
solution of potash as a blue powder having a copper-red lustre.

( C H
MEKCURY-DINAPHTHYL Hg -

( ^10 ^^7

This compound is formed by boiling a solution of bromonaphthalene
in benzene with sodium-amalgam. It crystallizes in colourless prisms,

melting at 243°. Hydrochloric acid resolves it into mercuric chloride

and naphthalene.

methyl-naphtiialenp: C40H7.CH3.

This hydrocarbon is produced, but not readily, by action of sodium
on a mixture of bromonaphthalene and methyl iodide. It is a limpid

liquid boiling at 232°, and not solidifying even at — 18°.

Ethyl-naphtludene is a similar liquid, boiling at 252°.

Mcnaphthylamine C4oH.^.CH2.XH2.—This powerful base is obtained

by converting a cyanonaphthalene by means of hydrogen sulphide into

menajjhtliothiamide C4QH7.CS.NH2, and treating an alcoholic solution

of this compound with zinc and hydrochloric acid.

Menaphthylamine is a very caustic liquid, boiling at 290°
;

it

readily absorbs carbon dioxide and forms, with acids, salts crystal-

lizing very readily.

ACENAPIITHENE, OR ETIIENE-NAPHTHALENE CiQHg.C2H4.

This compound exists in coal-tar, and is deposited in crystals by
leaving the portion boiling at 265° to 280°, to stand in a cold place.

It crystallizes from hot alcohol in long needles, mcdting at 95°, and
boiling at 268°. By boiling it with dilute sulphuric acid and
potassium dichromate, it is oxidized to bibasic naphihalic acid

C4(jHg(C02H)2, which sublimes in long serrated plates, melting at

266°; by heating it for some time to 140° to 150°, it is converted

into the anhydride C4gHg(C0)20, and by distilling the calcium salt

with slaked lime, pure naphthalene is obtained. Acenaphthene has
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also been produced syntbetically by passing ethyl-naphthalene

through a red-hot tube :

—

/CH.,

cji,mh-cu,=:Oji/\ +11,
on.

The two side-chains are probably linked to two adjoining carbon-

atoms of the naphthalene-nucleus, because naphthalic acid has so

great a resemblance to phthalic acid.

CM
Ethinc-naphthalcne C^olI(j<^

|]
is obtained by passing the vapour of

acenaphthene over heated lead oxide. It crystallizes from alcohol in

large, lustrous, golden-yellow plates, melting at 93°. On oxidation it

yields naphthalic acid.

NAPIITHONITIIILES.

a Napthonitrih C\qHj.CN is formed by distilling a mixture of

potassium cyanide and potassium, a naphthalenesulphonate. It has

also been prepared by heating amidonaphthalene oxalate, whereby
it is resolved into water, carbon dioxide, and naphthyl-for-nKiinide

CjqH
7
N(COII)H, which, when heated with concentrated hydrochloric

acid, loses water, and is converted into the nitrile.

It crystallizes from petroleum-naphtha in broad silky needles,

melting at 37°’5, and boiliii" at 298°.

/3 Naphtlwnitrih is obtained from /3 naphthalenesulphonic acid,

and forms crystalline scales, melting at 66°‘5, and boiling at 305”.

NA.rHTHALENECARBONIC ACIDS.

By heating the nitriles with alcoholic i^otash the corresponding

acids are formed.

a Naphthoic Acid, or Naphthyl-formic Acid CjqII7.C02H, is sparingly

soluble in boiling water, and freely in hot alcohol. It crystallizes in

needles, melting at 160°.

/3 Naphthoic Acid crystallizes in needles, melting at 182°
;

its salts

are less soluble than the a naphthoates. By distilling a mixture

of calcium ^ naphthoate, and formate, some naphthalene is formed

and /S naphthoic ald.chydc, crystallizing from boiling-water in thru

glistening ])lates, melting at 59”-5.

Both acids are, when heated with baryta, resolved into carbon

dioxide and naphthalene. A mixture of them is prepared on the
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large scale, and used in the place of benzoic acid in the manufacture

of aniline-blue.

a Oxynaphthoic Acid C^QHg(0H)C02H is formed by action with

sodium and carbon dioxide on a naphthol. It is sparingly soluble

in water, and crystallizes in needles which are grouped in stars,

and melt at 186°. Its solution is coloured pure-blue by ferric

chloride.

Oxynaplithoic Acid is not so readily formed
;

it crystallizes like

the a acid, and gives with ferric chloride a blackish-violet colour.

NaphthaleneAicarhonic Acids CjQHg(C02H)2.—The nitriles of these

acids, which are isomeric with naphthalic acid (page 437), are pro-

duced by distilling the potassium salts of the different modifications

of naphthalene-bromosulphonic, and disulphonic acids with potassium

cyanide. The nitrile from bromonaphthalenesulphonic acid yields a

naphthalene-bicarbonic acid, which is almost insoluble in water, and

crystallizes in microscopic needles, melting at 240°.

The other modifications have been but little studied.

f r II
NAPHTHYL-PIIENYL-METHANE CH„ I N tt'

This hydrocarbon has been prepared by heating a mixture of

benzyl chloride and naphthalene with zinc
;

it forms brilliant needles,

melting at 64°.

r c H
a Naphthyl-phenyl Ketone CO

j
q® is produced by heating a

mixture of benzene, a naphthoic acid, and phosphorus pentoxide. It

crystallizes in short prisms, melting at 75°‘5.

j3 Naphthyl-phenyl Ketone has been obtained by the same reaction

from A naphthoic acid. It forms tufts of white needles, melting

at 82°.

A mixture of these two ketones is also formed by heating

naphthalene with benzoic acid and phosphorus pentoxide.

DINAPHTHYLS C2oH^^.

Dinaphthyl is obtained by the action of sodium on bromonaphtha-
lene, and together with phthalic acid by oxidizing naphthalene with
manganese dioxide and dilute sulphuric acid. It crystallizes in pearly
scales, melting at 154°.

Isodinaphthyl.—This isomeride is produced together with hydrogen,
by passing naphthalene repeatedly through a red-hot tube. It forms
brilliant plates, melting at 200°, and boiling above 300°

;
its alcoholic

solution exhibits a fine blue fluorescence.
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a Binapktliyl Ketone CO
|

is obtained by heating a naj)hthoic

acid with naphtlialene and pliosplioriis j:)entoxide. It crystallizes
from boiling alcoliol in pointed needles, and from a mixture of ether
and alcohol in thick prisms, melting at 135°.

^ Binaphthyl Ketone forms small needles melting at 135°; it is

much less soluble in alcohol than the a compound.

PIIENANTHEENE-GKOUP.

PHENANTHRENE

Exists ill coal-tar, from which it is obtained by boiling the portion

between 320° to 360° with alcohol. The cold solution is filtered,

the alcohol distilled off, and the residue subjected to the same
treatment until the hydrocarbon melts at about 100°. . It is purified

by converting it into the picric acid compound, which is recrystal-

lized from hot alcohol and decomposed with ammonia.
Phenanthrene forms rather large plates, exhibiting a faint blue

fluorescence. It melts at 100°, and begins to sublime, but boils only
at 340''’'; it is readily soluble in alcohol, ether, acetic acid, and
benzene.

Phenanthrene has been obtained synthetically together with toluene

by passing stilbene through a red-hot tube ;

—

CeH.-CII
(1) II

=
I il

+n.,
CeH^.CH CgH,—CH

(2) II

-1- 2H, = 2CJI,.CH3
C,II,.CI1

This synthesis, as well as the whole chemical character of phe-

nanthreue, shows that its stands in the same relation to naphthalene

as the latter to benzene, and its constitution may therefore be expressed

by the following graphical formula :

—

HC=CIT nC=CH
/' \ / \

lie C-C c
\ X ^ /
lie—c e—cii

\ /
110=011
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When phenanthreiie and picric acid are dissolved in hot alcohol,

the compound + CqH2(N02)oPH crystallizes on cooling in

long golden-yellow prisms, melting at 145°.

TetrahyclroplienanthTcne is obtained by heating phenanthrene

with concentrated hydriodic acid, and amorphous phosphorus to

240°, It is a liquid, having a faint but peculiar smell, and boiling

between 300° to 310°.

Octohydrophenanthrene is formed by using an excess of

phosphorus, and heating above 240°
;

it is a liquid, boiling below
300°.

Phenanthrene Dibromide is obtained by mixing well-

cooled solutions of the hydrocarbon and bromine in carbon disulphide.

It forms well-defined four-sided prisms, which, even in closed vessels,

gradually undergo spontaneous decomposition.

Monobromophe/nanthrene C^^Hpr is produced by heating the

dibromide, or by boiling it with alcohol. It forms thin white prisms,

melting at 63°
;
on adding bromine to its solution in carbon sulphide

it is converted into :

—

Dibromophenanthrene C^^HgBi’g, crystallizing in white warty needles.

Tribromoyhenanthrene C^pIyBig is produced by heating the solu-

tion with bromine
;

it forms silky needles, melting at 126°.

Mononitrophenanthrene is formed by dissolving phenan-
threne in cold concentrated nitric acid

;
on adding water, it is obtained

as a yellow crystalline precipitate, melting between 70° and 80°.

Dinitrophenanthrene C44Hg(]Sr02)2 is produced when the nitric acid

is heated to 100°
;

it separates from glacial acetic acid in yellow
crystals, melting between 150° to 160°.

Phenanthrenesidphonic Acid C^^Hg.SOgH is prepared by heating
phenanthrene with sulphuric acid to 100°. Its lead-salt is soluble in

water
;
by decomposing it with hydrogen sulphide, the pure acid is

obtained. It is more freely soluble in hot than in cold water, and
forms a crystalline mass.

Phenanthrene-quinone C^^HgO^' is produced by heating the hydro-
carbon with glacial acetic acid and chromic trioxide. It crystallizes

from acetic acid in orange-red, long prisms, melting at 205°, and
boiling above 360°. By heating it with zinc-dust it is reduced to

phenanthrene, and by passing it over red-hot soda-lime it is converted
into diphenyl :

—

CgH^.C-O CgH,

I li
I
+ 4NaOH =

I
-f 2XaC03 -f

CcH^.C-O

Dibromophenanthrcne-qiiinone Cj^H^BigO.^'.—On heating the qiiinone
with bromine and water to 180°, this compound is obtained in yellow,
warty crystals, melting at 230°.

Dinitrophenanthrene-quinone Ci4Hg(N 03)20^' is produced by boiling
the quinone with a mixture of concentrated nitric and sulphuric
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acids. It cr}’-stallizes from acetic acid in yellow silky pkites, melting
above 280°.

ITienanthrene-hydroquinone C^^Hg(OH)2 is readily obtained in

colourless crystals by beating the quinone with aqueous sulphurous

acid. It is very readily oxidized, being first converted into a dark-

brown quinhydrone, and then into the quinone. By heating it with

acetic anhydride it yields the compound Ci4Hg(0 0.21130)2, crystallizing

from benzene in colourless plates, melting at 202°.

The quinone dissolves readily in a warm solution of acid sodium sul-

phite, and, on cooling, this compound crystallizes out in colourless

plates
;

it is easily decomposed by alkalis and acids.

By means of this reaction the crude quinone can be easily puri-

fied, and it may also be used for detecting the presence of phenan-
threne in coal-tar. This is done by oxidizing the portion boiling

between 310° to 350° with glacial acetic acid and chromic trioxide,

and treating the product, first with soda to remove acids, and then

with a solution of acid sodium sulphite, which dissolves only phen-
anthrene-quinone

;
on adding hydrochloric acid to the solution, the

quinone is re-precipitated,and can be recognized by its properties.

Diphenic Acid 0^2^3(00211)2 is formed by boiling the quinone for

some time with dilute sulphuric acid and potassium dichromate. It

crystallizes from hot water in transparent compact prisms, melting at

226°, and subliming in long transparent needles. By heating it with

lime it is resolved into water, carbon dioxide, and diphenylene

ketone :

—

Phenanthrene-quinone-sodium Sidphite

0,,H,.00.0II CM,
I

=
I

>CO + CO, + HjO
CeH,.co.oii u„it;

This reaction corresponds to tlie formation of dimethyl ketone from

acetic acid.

Diphenyl Ketone crystallizes from alcohol in large, pale-yellow,

transparent plates, melting at 84°, and boiling above 300°. By
adding it gradually to fused potash, it combines with it, forming the

potassium salt of a phenyl-benzoic acid :

—

Cgll,

I

yCO + HOK =
I

C3lI,.CO.OK

Phenylbenzoic Acid is isomeric, with paraphenylbenzoic acid (page

425), and crystallizes from boiling water in small ramified needles,

resembling hoar-frost, and melting at 110°. On cooling the fused

acid quickly, it is obtained as a viscid, transparent mass, which
remains in that state for days, but becomes crystalline again by stir-

ring it up with a platinum-wire. By heating the acid with lime,

diphenylene ketone is regenerated, while, by distilling the calcium-

salt, diphenyl is formed.
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ANTHRACENE-GPtOUP.

ANTHKACENE

This isoniericle of plienaiitlirene is obtained on the large scale by
the fractional distillation of the higher-boiling portion of coal-tar,

collecting that boiling at about 360°
;

a semi-solid mass is thus

obtained, which is well pressed to remove oily substances. Crude
anthracene is further purified by washing with carbon disulphide and
re-crystallization from alcohol or benzene, or by sublimation.

It crystallizes in monoclinic plates, exhibiting, when quite pure, a

fine blue fluorescence
;

it is not very soluble in alcohol, more freely

in benzene, melts at 213°, and boils a little above 360°. With
picric acid it forms the compound + 0^11.2(^02)3011, crystal-

lizing in beautiful red needles.

Anthracene has been obtained synthetically by three reactions :

—

(1.) It is formed together with benzyl-toluene when benzyl chloride

is heated with water in sealed tubes to 180°.

(2.) Bypassing benzyl-toluene through a red-hot tube, it is resolved

into anthracene and hydrogen
;
this reaction takes place at a lower

temperature if lead oxide be present.

(3.) By passing the liquid tolyl-phenyl ketone over red-hot zinc-

dust.

These syntheses are explained by the following equations :

—

Anthracene. Benzyl-toluene.

CH
(1) 4C3H-.CH,C1 = CfiH /

1

-f -f 4HC1

H3C CH
(2) C3H / = C,H /

1

.
-f- 2H2

Paranthracene is formed by exposing a cold saturated solution of

anthracene to the sunshine
;

it separates out in plates, which are very

sparingly soluble in alcohol and benzene. It is not acted upon by
nitric acid or bromine, and melts only at 244°, being at the same time

reconverted into anthracene.

Iso-anthracene .—This second isomeride of anthracene has been
obtained together with amido-anthracene by the action of tin and
hydrochloric acid on red nitro-anthracene. It is almost insoluble in

cold alcohol, a little more freely in hot alcohol, and readily in ben-

zene, and crystallizes in small silky plates, melting at 247°, and ex-

hibiting a blue fluorescence. It differs from paranthracene by not

being reconverted into anthracene, even if heated to 300°, and by
yielding substitution-products with nitric acid.
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HYDRO-ANTHRACENES.

Dihyclro-antliracene —Whilst plienantlireiie and naphtlialene

are not changed by boiling their alcoholic solutions with sodium-
amalgam, anthracene is, under these conditions, converted into

dihydro-anthracene. It is readily soluble in alcohol, and crystallizes

in monoclinic plates, melting at 106°, and boiling at 305°, but sub-

liming at a lower temperature in brilliant needles. When heated to

a dull-red heat, it is resolved into anthracene and hydrogen.

Hexahydro-aiitliracene is obtained by heating dihydro-

anthracene with fuming hydriodic acid and amorphous phosphorus to

200°. It dissolves freely in alcohol, and crystallizes in small plates,

melting at 63°, and boiling at 290°. At a red-heat it is decomposed
into hydrogen and anthracene.

The constitution of these hydrides

graphical formula ;

—

is explained by the follow:

D illydro-anthracen e. Hexahydro-anlhracoiifi.

Cli CH., CH CH CH, CH
y' \ / \ / X /^ \ / \ V X

HC CH CH CH
1 IIIHC C C CH

1 II II 1

1
II . 11

1

HC C C CH
1 1 1 1

HC CH CH CH
X/\/\X \/\/\^
CH CH^ CH CH CHo CH

CHLORINE AND BROMINE DERIVATIVES.

Anthracene Dichloricle is obtained by passing chlorine

slowly over anthracene
;

it crystallizes from alcohol in long needles.

Monochloranthracene Ci 4
HgCl is produced at the same time, and

readily obtained by heating the dichloride with alcoholic potash
;

it

crystallizes in hard scales.

Dichloranthracene C
44IISCI 2

.—By passing chlorine over heated

anthracene, higher chlorinated products are formed. Dichloranthra-

cene is sparingly soluble in alcohol, but freely in benzene. It crys-

tallizes in long yellow needles, melting at 209°
;

its solutions exhibit

a splendid blue fluorescence.

Tetrachloranthracene Cj^HgCl^ is but sparingly soluble in alcohol,

and crystallizes from benzene in yellow needles.

Dihromanthracene C^^lIgBr^ is the only compound formed when
bromine is added to a solution of anthracene in carbon disulphide.

It crystallizes from petroleum-naphtha in golden-yellow needles, and

can be sublimed.

Dihromanthracene Teirahromide Cj^lIgBig is formed when the pre-

ceding compound is exposed to gaseous bromine, and crystallizes
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from hot benzene in hard, colourless needles. By the action of heat

it is resolved into bromine, hydrobromic acid, and tribromanthracene

Tetmbromantliracene C^^H^Br^ is a body resembling the di- and

tri-bromo-compoimd, and obtained by the action of hot alcoholic

potash on dibromanthracene tetrabromide.

NITRO- AND AMIDO-COMPOUNDS.

These compounds are but little known
;
dilute, as well as concen-

trated nitric acid, converts anthracene into anthraquinone, but by the

action of nitric acid on an alcoholic solution of anthracene the fol-

lowing nitro-cornpounds have been obtained.

Red Nitro-anthracene Cj^HgN02 is insoluble in cold alcohol, and
crystallizes from hot alcohol in red needles. When treated with tin

and hydrochloric acid, it yields iso-anthracene and amido-anthraeeiie

Cj^Hg.jSlHg, which is precipitated by alkalis in yellow flakes
;

it is a

very unstable body, turning rapidly brown in the air. It dissolves

acids, but does not form definite salts.

White Nitro-anthraeene is more freely soluble in alcohol than the

red compound, and readily in benzene, from which it crystallizes in

colourless needles.

Dinitro-antliraeene C^^Hg(]Sr02) is readily soluble in hot alcohol

and benzene, and sublimes in small colourless plates.

Isonitro-anthraeene C^^Hg.Isr02 has been obtained by boiling iso-

anthracene with nitric acid
;

it is sparingly soluble in alcohol, freely

in benzene, and sublimes in pale-yellow needles, melting at 209°.

ANTHRACENESULPHONIC ACIDS.

Anthracenemonosulphonic Acid C^^Hg.SOgH is formed by dissolving

anthracene in concentrated sulphuric acid at 100°
;

its lead salt

crystallizes in yellowish-white prisms, having the composition

(C^^Hg S03) 2
Pb. By heating anthracene with sulphuric acid to 150°,

the disulphonic acid is produced.

Bichloranihracenedimlphonic Acid Cj
4
HgCl

2
(S03H)2 is obtained by

heating dichloranihracene with fuming sulphuric acid on a water-

bath. It forms orange-yellow crystals, which are soluble in water,

but not in dilute acids.

ANTHRAQUINONE, OR OXYANTHRACENE C^JIgOi'.

This compound is readily obtained by boiling anthracene with

dilute sulphuric acid and potassium dichromate, or with nitric acid.

It crystallizes from hot nitric acid in pale-yellow needles, melting at
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273°, and subliming, when more strongly heated, in large yellowish

needles or prisms. It is a very stable body, resisting energetically

the action of oxidizing agents. It differs from the isomeric phenan-
threne-quinone by not being reduced by sulphurous acid, and not

combining with acid sodium sulphite. When heated with a solution of

soda and zinc-dust it dissolves
;
on adding an acid to the solution,

anthrahydroquinone Cj4lIg(OH)2 is precipitated in yellow flakes
;

it

is a very unstable compound, and, even in the dry state, readily

oxidized to the quinone. When anthraquinone is heated with

hydriodic acid and phosphorus to 150°, or when its vapour is passed

over red-hot zinc-dust, it is reduced to anthracene.

Anthraquinone has been obtained synthetically by passing the

liquid modification of tolyl-phenyl ketone over heated lead-oxide :

—

CO CO
CeH/ >C„H, + 3PbO = Cell /

j |
\c„H. + 3Pb + 2H,0

It is also formed as a bye-product in preparing benzophenone from
calcium-benzoate ;

—

CO
2C„He.CO.OH = CePI /

|
I
>C„H, + 2H,0

On the other hand, when anthraquinone is fused with caustic

potash, it is resolved into two molecules of benzoic acid, and by
heating it with soda-lime it yields benzene :

—

CO
CJl/

1 1

^CgH, -f- 4NaOH = 2CgHe -f 2^^003
CO

Parantliraquinone Cj^HgOi' has been obtained by oxidizing chlo-

rinated anthracene
;

it sublimes in brilliant red needles, and is con-

verted into common anthraquinone by heating its vapour to 300°.

Iso-antlimquinone C^^lIgOs is formed by the oxidation of iso-

anthracene, and crystallizes in beautiful red needles, melting at 235°,

and dissolving in concentrated sulphuric acid with a pure indigo-blue

colour.

Dichloranthraquinone C^^H^jCloOs has been prepared by the action

of chromic acid on tetrachloranthracene
;

it forms yellow needles.

Dihromanthraquinone Cj^lIgBi’gO.^ is produced by the action of

bromine on the quinone, as well as by oxidizing tetrabromanthracene.

It forms yellow needles, subliming without decomposition.

Mononitro-anthraquinonc Cj^ll7(iS[02)0s is formed by boiling

anthraquinone with ten parts of concentrated nitric acid for half an

hour. It is a pale-yellow powder, subliming in delicate needles,

melting at 230°.
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a Dinitro-anthmquinone C^^HQ(N0.2)0i' is obtained by boiling

antliraquinone with concentrated nitric acid or a mixture of sulphuric

and nitric acids for some hours. It is a pale-yellow substance, sub-

liming above 250° in yellow needles.

yS Dinitro-anthraqidnone.—This body is obtained, but only in a

small quantity, together with antliraquinone, when anthracene is

boiled with common nitric acid. It crystallizes in yellow needles,

and forms with anthracene a compound, crystallizing from benzene in

splendid violet plates. It also combines with other hydrocarbons

;

all these compounds crystallize well, and are distinguished by their

brilliant colours.

Amiclo-anthraquinone Cj^H7(ISril2)0.2 has been prepared by heating

nitro-anthraquinone with a solution of sodium hydrosulphide. It is

a bright brick-red powder, melting at 256°, and subliming in small

needles. It does not appear to combine with acids.

Diazo-anthraquinone Nitrate Cj^H^0.i'Ns.N03 is thrown down as a

pale-red powder when nitrogen trioxide is passed into a solution of

the amide in ether-alcohol.

Diamido-anthraquinone Cj^II(5(NH2)20ij'.—By heating a dinitro-

anthraquinone with an alkaline solution of stannous chloride or

sodium hydrosulphide, it dissolves with a green colour, and soon the

diamido-compound separates out as a vermilion-red colour, subliming

in beautiful garnet-red needles having a beetle-green lustre.

Anthraqiiinone-monosulphonic Acid Cj^H7(S03lI)0^' is formed by
heating anthraquinone with concentrated sulphuric acid to 250°. It

is more freely soluble in water than in dilute acids, and crystallizes

in yellow plates. The barium salt (C3L4H70^'S03)2Ba -f H2O is not
very soluble in water, and forms indistinct plates. The calcium salt

(04411.^0.2803) 2Ca is much more freely soluble, and does not crystal-

lize well.

Anthraquinone-disulphonic Acid C\4Hg0"(S03lI)2 is obtained by
dissolving anthracene in five parts of sulphuric acid at 280°. It is

more soluble than the monosulphonic acid, and forms yellow crystals.

Its salts do not crystallize well. •

This acid is also obtained by oxidizing dichlor- or dibromanthra-

cene-disulphonic acids :

—

C44HeCl2(S03lI)2 -I- O2 = C44H4,02(S03H)2 -f CI
2

or by heating dichlor- or dibromanthracene with sulphuric acid :

—

C44H3Cl2(S03H)2 + SO2H2 - C44H6(02)(S03H)2 + SO2 + 2HC1

The same acid has been produced by heating anthracene-disulphonic
acid with manganese dioxide and dilute sulphuric acid.
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OXYANTHRAQUINONES.

The following phenols of anthraqiiinone are known, and although

they have not all been obtained from anthraqiiinone, they are deri-

vatives of this body; this is shown by the fact that red-hot zinc-

dust reduces them to anthracene.

Monoxyanthraquinone 0^^11702(011) is produced by fusing the

monosulphonic acid with caustic potash. It is sparingly soluble in

water, and readily in alcohol, and sublimes in lemon-yellow plates.

It dissolves in alkalis with a reddish-yellow colour
;
the barium salt

crystallizes from hot water in microscopic yellow needles, consisting

of C\4ll7(02)0)2Ba -F II.p.

Monoxyanthraquinonesulqjihonic Acid C7^Hg02(0II)S03H is formed
when anthraquinonedisulphonic acid is fused with potash until the

blue mass which is first formed assumes a violet tinge. The free

acid forms yellow crystals, and forms two series of salts
;
those con-

taining one equivalent of a metal have a yellowish-red colour, and
those with two equivalents are blue.

Alizarin.—This interesting and important compound exists in

madder-root {R^ibia tindoria) as glucoside, called riibianic, or rubcry-

thric acid; on boiling it with alkalis or acids it is resolved into

glucose and alizarin. The same decomposition is produced by the

action of a ferment contained in the root, and therefore ground

madder, wliich has been exposed to the air for some years, contains

free alizarin, which may be extracted with ether or petroleum-spirit.

Alizarin is produced artificially by fusing dibromanthraquinone,

anthraquinonedisulphonic acid, dinitro- or diamidoquiuone with

potash until the mass has assumed a fine violet colour :

—

On dissolving the product in water, and adding an acid, impure

alizarin is obtained as a yellow precipitate.

It is also obtained by the same reaction, together with anthra-

quinone, by using anthraquinone-monosulphonic acid.

Artificial alizarin is now manufactured in considerable quantity.

Alizarin crystallizes from alcohol in yellowish-red needles, contain-

ing three molecules of water, which escape at 100°. By heating it

C„]I„03
1
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strongly it sublimes in brilliant red needles. It is but slightly

soluble in water, but freely in alcohol and ether.

It dissolves in ammonia with a purple colour, and in pota.sh or

soda it yields a solution which, in transmitted light, appears bluish-

purple, and, in retlected light, pure blue. This solution gives a very

characteristic absorption spectrum (see Fig. 14, No. 4).

•in potash . . .

rui'purin
1

in oarbon sulphide

in ether . . . .

Alizarin in pot.ash

Fig. 14.

By adding barium chloride to the ammoniacal solution, a blue pre-

cipitate, consisting of Cj
4
Hg(0"

2 )02Ba, is obtained
;
calcium chloride

yields a similar compound. Alum and stannic salts produce red

precipitates in the alkaline solution, and ferric salts a blackish-violet

one.

The property of alizarin to form insoluble coloured metallic com-
pounds is made use of in dyeing and printing. To produce madder-
colours on calico, the desired pattern is printed on the cloth as

mordant. For pinks and reds, a solution of aluminium acetate (red

liquor), which is thickened with gum or starch, is used; and for

purples and blacks, ferrous acetate (iron-liquor) is employed, whilst a

mixture of the two salts jDroduces brown or chocolate shades. The
mordanted cloth is next “ aged,” or hung up in a warm airy room,

whereby the acetic acid is expelled, and the oxides are fixed in the

fibre. The cloth is now brought into the dye-bath, consisting of

boiling water and old ground madder-root
;
the alizarin is gradually

dissolved and absorbed by the oxides.

Artificial alizarin is chiefly used for '‘topical” printing; for this

purpose it is printed together with the mordant on the cloth, which is

then “steamed” or heated to 100°; the alizarin dissolves in the free

acetic acid, which soon volatilizes, whilst the alizarin combines with

the oxides. The colours thus produced are more brilliant than those

obtained by dyeing with madder.

To dye “ Turkey-red ” on cotton, the goods are mordanted with

oxidised olive-oil and alum, and then brought into the dye-bath

containing madder-root or alizarin; the colour thus produced contains

fatty acids combined with alumina and alizarin.

When an alkaline solution of alizarin is heated with tin, it becomes
yellowish-red, and contains tetroxyanlhmrcne Ci^IIg(OH)^, which is

C G G



450 THE CHEMISTliY OF

precipitated by acids in yellow flakes
;

it readily absorbs oxygen, and
is reconverted into alizarin.

Methyl-alizarin Cj^lT(.0"2
1

obtained by beating alizarin

with methyl iodide, potash, and methyl alcohol. It forms long yellow

needles, having a reddish tinge, and subliming in lustrous scales.

It does not dissolve in cold alkalis, but hot potash dissolves it with a

bright cherry-red colour, the compound C3^JIgO'''2(OCH3)OK being

formed, which is also obtained in dark-red needles by adding alcoholic

potash to an alcoholic solution of methyl-alizarin.

Diacetyl-alizarin Cj^Hg0'''2(0C2H30)2 is prepared by heating aliza-

rine with acetic anhydride to 1 (30 °. It crystallizes from alcohol in

pale-yellow flat. needles or plates, melting at 160°, and is rapidly de-

composed by hot alcoholic potash.

Anthrajlavin, or Anthrafiavic Acid.—This isomeride of alizarin

occurs together with oxyanthracpiinone and other products in com-
mercial artificial alizarin. It sublimes in golden-yellow needles or

plates. The barium salt 2Cj^HgO"2(02Ba) -f ISII.^O crystallizes from
hot water in reddish-brown needles.

Diacetyl-anthrajiavin C^.jHgO"2(0031130)2 is obtained by the action

of acetic anhydride on anthraflavin at 160°. It crystallizes from
glacial acetic acid in beautiful pale yellow plates or needles, melt-

ing at 228 °, and is easily decomposed by alcoholic potash.

Quinizarin O^^IIgO"2(OII)2 is formed together with hydroquinone-
phthalein (page 412

), when a mixture of hydroquinone and phthalic

acid is heated with sulphuric acid;

—

r co.OH CO
C„H J + C,H,(OH), = C„H /

I
I
>C„H,(OH), + 2H,0

( CO.OH ^CO^

It crystallizes from ether in yellowish-red plates, and from alcohol

in deep-red needles. It dissolves in alkalis with a blue colour
;
and

this solution gives with barium chloride a blue, and witli ferric

chloride a brownish-red preci])itate, and with alumina it forms a red

lake. Quinizarin has the greatest resemblance to alizarin, but differs

from it by its absorption-spectrum, and by the strong greenish-yellow

fluorescence which its solution in ether or sulphuric acid exhibits.

Chrysophanic Acid Oi4lIgO"2(On).2 occurs in the officinal Ehubarb-

root (from one or several undefined species of Rheum growing in

China and Central Asia), and exists also in the root of Rumex ohtusi-

folius, in the lichen Farmelia 2Mrietina, and in the bark of Cassia

hijuya. It is obtained by extracting rhubarb-root with ether, and
crystallizes in tasteless golden-yellow needles, dissolving in alkalis

with a deep-red colour
;
by the action of sodium-amalgam tliis solu-

tion becomes colourless, but assumes again the original colour in

contact with air. It forms, like the other dioxy-anthraquinones, a

diacetyl-compound.

Tetraniiroch'ysop)liamc Acid Ci4lI.20".2(X02)4(0H)2, or Chrysamic
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Acid is obtained by the action of nitric acid on cliiysoplianic acid

and on aloin (the bitter principle of aloes). It forms thin, yellow,

fern-shaped crystals, resembling lead iodide, and dissolving sparingly

in water with a purple colour. Barium chrysamatc CJ^^H20"2(N02)^

02Ba -f 2H._>0 is obtained in red crystals by adding barium acetate

and acetic acid to a solution of the potassium salt. Lead chrysamatc
C^4H20'''2(N02)402Pb -f 4II2O is produced in a similar way, by using
lead acetate, and forms crystals exhibiting a magnificent bronze
reflection.

Ihydrochrysamidc C44ll20"2(NH2)3N02(0H)2.—When chrysamic acid

is boiled with a solution of potassium sulphide, it dissolves with a

deep-blue colour, and, on cooling, hydrochrysamide separates out in

crystals, having a blue colour and copper-red reflection.

FranyvMc Acid C44H30"2(0H)2 occurs as glucoside, called franrjidin,

in the bark of Rhamnusfrangiilct; on boiling it with hydrocldoric
acid, it splits up into glucose and frangulic acid, which crystallizes

from alcohol in orange-yellow needles or quadratic plates, containing
one and a-half molecules of water. It dissolves in potash with a
cherry-red colour, which disappears on boiling it with zinc-dust, but
comes back again in contact with the air. Barium chloride gives,

with the red solution, a red precipitate.

Diacetyl-frangulic Acid C44H(50'''2(OC2ll30)2 is formed by heating
frangulic acid with acetyl chloride. It crystallizes from boiling

alcohol in small, yellow, lustrous plates, melting at 184°.

roH
TklOXYANTHEAQUiNOkES OH

“ (oh

Burpurin exists in the free state, and as glucoside, in madder-root,

and may be extracted by a solution, of alum, in which alizarin is in-

soluble. It crystallizes in yellow needles, with one molecule of

water
;
on heating, the water is given off, and purpurin sublimes in

red needles. It dissolves sparingly in water, and more freely in

alcohol, with a red colour, whicli on adding an alkali becomes darker,

but not purple. The calcium and barium salts are purple precipi-

tates. The solutions of purpurin give different absorption-spectra

(Fig. 14), which enable us not only to detect the merest trace of pur-

purin present in the midst of a quantity of impurities, but also to

distinguish it from alizarin, which gives a totally different spectrum.

Nitric acid oxidizes piirpurin to oxalic acid and phthalic acid.

Munjistiu is found together with purpurin in Munject, or the

Indian madder {Ruhia Munjista). It is soluble in hot water, in

alcohol, and ether
;

its ethereal solution exhibits a fine fluorescence,

resembling that of a solution of quinizarin.

Munjistin crystallizes in yellow plates, and dissolves in alkalis

G G 2
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with a criiiisoii colour
;

it dyes on aluin-inordant a light orange, and
( OH

on iron-mordant a brownish-purple. The lead salt
j q pp

is an orange precipitate.

Anthrapurpurin has been found in commercial artificial alizarin,

and is isolated by dissolving the crude colouring matter in dilute

sodium carbonate, and agitating the liquid with precipitated alumina,

which combines with the alizarin. On adding hydrochloric acid to

the filtrate, anthrapurpurin, mixed with anthraflavic acid, and other

bodies is precipitated, from which it is separated by boiling with

alcoholic soda
;
anthrapurpurin forming a soda-compound, wdiich is

with difficulty soluble in alcohol. This is then dissolved in water,

and barium chloride added; a purple precipitate is formed, which
is washed and decomposed by an acid. It is deposited from boiling

acetic acid in small groups of minute orange-coloured needles.

Anthrapurpurin dissolves in alkalis with a bluish-violet colour, and
forms with alumina a red lake. It has about the same affinity for

mordants as alizarin, giving similar shades, but the reds are much
purer, the purples more blue, and the blacks more intense. AVhen
used to dye Turkey-red, it produces a brilliant scarlet, which is of a

remarkable permanence. Its alkaline solution gives a spectrum re-

sembling that of alizarin.

Diacdylanthrapurpurin Cj^4H50"2(0C2H30)3 is formed by heating

anthrapurpurin with acetic anhydride to 160 °. It crystallizes from
glacial acetic acid in beautiful pale-yellow glistening scales, melting

at 221°.

(OH
1 QJJ

TETROXYANTHRAQUINONES Cj4H^O"2-;
qjj
(oh

Anthrachrysone is a derivative of a dioxybenzoic acid, and obtained

by heating this compound with sulphuric acid to 140°:

—

2CeH3(OH)2CO.OH = 2H
2
O -f CeH2(OIl)2/

(
|i>C,H2(OH)2
0

It is a golden-yellow crystalline powder, which is almost insoluble

in water
;
when heated it gives off a quinone-like smell, but does not

melt at 320°. On adding barium chloride to its ammoniacal solution,

the salt C^4H40"2(0II)202Ba crystallizes out in dark-red needles.

The magnesium and aluminum salts are amorphous red precipitates.

Anthrachrysone dyes on iron-mordants a brown colour, and on
alumina-mordants a colour like that of alizarin, but duller.

Riifiopin-.—When narcotine (see Opium-alkaloids) is oxidized, it
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yields opianic acid, and this body is converted into rufiopine by

heating it with concentrated sulphuric acid to 180°;

—

fOCH3 CO
2CeHJ COH + 5H

2
SO, =

| 1

>CeH2(OH)„ +
( CO.OH

3CO2 + 5SO2 + OH.O

Eufiopin is sparingly soluble in hot water, and separates from it in

small yellow needles, and from alcohol in indistinct yellowish-red

crystals. In alkalis it dissolves with a red colour, and with ammonia
it forms a reddish-brown solution. Calcium chloride gives with

these solutions a reddish-violet, and barium chloride a violet precipi-

tate. On mordanted cloth it dyes colours resembling those produced
by alizarin.

HEXOXYANTHKAQUINONE, OR RUFIGALLIC ACID, C6H20"2(0H)q.

\Yhen gallic acid is heated w’ith sulphuric acid in a w'ater-bath, the

liquid assumes a dark purple colour, and on adding w'ater, a red crys-

talline precipitate of rufigallic acid is obtained, wdiich on heating sub-

limes in yellowish-red needles. Concentrated potash colours it blue,

and on addition of water it dissolves wdth a violet colour. It dyes

mordanted cloth like alizarin, but the colours are not very brilliant.

By fusing it w'ith potash it is resolved into oxyquinone and foimic

acid :

—

CO
CeH(OH)3/

I

l^CeH(OH)3 -I- 2KOH = 2CgH3(0H)02" -h 2COH.OK
^CO

Oxycjuinone forms microscopic, pale yellow needles
;
on adding

ferric chloride to its aqueous solution, it coloiirs lirst violet and then
bluish-green.

DIMETHYL-ANTHRACENE C^^Hg(CH3)2.

When xylyl chloride is heated wdth water to 210°, it yields

;
and the

2

erted into

dimethyl-anthracene. These reactions are perfectly analogous to the
syntheses of anthracene (page 443) ;

—

dimethyl-anthracene and the hydrocarbon CH„ \ VrtT? n

latter, when passed through a red-hot tube, is also conv
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CII
(1)4C„H,

I
= (CiyC„H /

1

>cyi3(0]i3) +

IT,C.

(2) (ch3)c,h,< '
>c„n3(cig =

011/
oil

(CH3)C„n3<
I

>C„H3(CH3) + 2U,
^cir

Dimethyl -aiitliracene has the greatest resemblance to anthracene;

it melts at 200°, and sublimes in white plates, exhibiting a bluish-

violet fluorescence.

Anthracenccarljonic Acid C^^Hg.COgH.—This compound stands in

the same relation to anthracene as benzoic acid to benzene
;

it is pro-

duced by heating anthracene with carbonyl chloride to 200° for ten

hours, and digesting the product with dilute sodium carbonate. It

crystallizes from alcohol or hot water in needles, melting at 200°, but
being slowly resolved at the same time into anthracene and carbon
dioxide

;
this decomposition takes j)lace quickly by heating it with

soda-lime. A solution of chromic trioxide in acetic acid oxidizes it to

anthraquinone :

—

Cj^Hg.COgH + 30 = -f COg + K/)

PYEENE

When coal-tar is distilled until only coke is left in the retort, a

yellow greasy substance passes over towards the end. lly treating it

with carbon disulphide, pyrene is dissolved. It is purified by recrys-

tallizing repeatedly from alcohol, and then mixing its cold alcoholic

solution with a solution of picric acid. The red crystalline precipitate

CicIIio + G(,ll
2
(N02)301[ thus obtained is decomposed with ammonia,

and the hydrocarbon crystallized from alcohol.

Pyrene is obtained by the slow evaporation of its solution in

rhombic plates melting at 142°.

Hcxahydropijrcnc C\(.llj(. is produced l)y heating -j-tyrene with strong

hydriodic acid and amorphous phosphorus to 150°. It crystallizes

from alcohol in needles or prisms, melting at 127°, and does not com-

bine wdth picric acid. At a red heat it decomposes into pyrene and

hydrogen.

Nitropip'cnc readily formed by heating ])yrene witli
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weak nitric acid. It separates from an alcoholic solution in yellow

needles or prisms, melting at 142°.

Dinitropyrene C^gHg (1102)2 obtained when pyrene is boiled with

nitric acid of spec. grav. 1.45. It is insoluble in alcohol, ami crystal-

lizes from acetic acid in slender yellow needles.

Tctranitropyrene C;^gHg(N02)4 is formed by the action of boiling-

concentrated nitric acid on dinitropyrene, and crystallizes from acetic

acid in glistening plates or needles.

Bromine-derivatives.—When pyrene comes in contact with cold

bromine-vapour, it is converted into dibromopyrene dibromide

C^gllgBr^, which crystallizes from nitrobenzene in pale yellow needles.

Trbromopyrene C^gH^Br^ is formed by the action of bromine on a

solution of pyrene in carbon disulphide
;

it is almost insoluble in

alcohol, ether, and carbon disulphide
;
from boiling nitrobenzene it

crystallizes in colourless needles.

Pyrocpuinone C^gHgO'^g.—To prepare this compound, pyrene is dis-

solved in glacial acetic acid, and solid chromic trioxide is added to

the solution. It crystallizes in red needles or prisms, dissolving in

concentrated sulphuric acid with a brown colour. Ked-hot zinc-dust

reduces it like other quinones
;
the hydrogen required for this reduc-

tion being furnished by zinc hydroxide, which is always present :

—

C^gHgOg + 3Zn + Zn(OH)2 = C\gHjg -t- 4ZnO

CHRYSENE CisHig.

On exhausting the yellow body, which has been mentioned under

pyrene, with carbon disulphide, a granular powder, resembling flowers

of sulphur, and consisting of impure chrysene, is left behind. It is

but sparingly soluble in the compaon solvents, and crystallizes from

boiling alcohol in rhombic plates, melting at 250°. With picric acid

it forms a compound, crystallizing from benzene in brownish-orange

needles.

Nitroclirysene CjgHjj^.N02 is slowly formed when chrysene is boiled

with absolute alcohol and nitric acid
;

it forms orange crystals.

Tetranitroclirysene CjgIIg(lSr02)4 is obtained by dissolving the hydro-

carbon in fuming nitric acid as a yellow powder, which is only

sparingly soluble in most solvents.

Clirysoqiiinone C;^gII^gO"2 is produced by the action of chromic tri-

oxide on a solution of chrysene in acetic acid. It crystallizes from

hot alcohol in red rhombic prisms or plates, dissolving in strong sul-

phuric acid with a splendid blue colour. On boiling it with potash

and zinc-dust, a yellow solution is formed, from which acids precipi-

tate chrysohydroquinone CigITjg(OH)2 in nearly colourless Hakes
;

it is

easily oxidized again to the quin one.
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ItETENE Cj3H,3.

This hydrocarbon has been found in wood-tar from Finland
;

it

forms colourless crystals, melting at 99°. Chromic acid oxidizes it to

acetic acid, phthalic acid, and dioxyresistenc a brick -red

powder, possessing the properties of a quinone.

IDRIALENE

The mineral occurring in the mercury-mines of Idria, is a

substance resembling coal, and contains idrialene, which may be ex-

tracted by benzene. Idrialene forms small colourless plates, melting

above 285°, and dissolving in concentrated sulphuric acid with a blue

colour. Chromic acid converts it into Idriuquinonc C 2,->lli2
C)"

2 >
^

crystalline solid, dissolving in sulphuric acid with a brown colour.

Idrialene is the last member of a series of hydrocarbons, which are

derived from benzene by the successive addition of C^H.,. Their

chemical ju'operties show that they must have a very similar consti-

tution, and consist of closed chains of carbon-atoms; for oxidizing

agents do not convert them into acids, like the homologues of benzene,

but into quinones. The following belong to this series :

—

Benzene . . Cgll^

Naphthalene. C^^Hg

Pheiianthrene ]

Anthracene
j

Chrysene . . Cigll^.,

Idrialene . .

Pyrene does not belong to this group, but it also contains a closed

chain of carbon-atoms. It is isomeric with dipheind-diethine
;
both

hydrocarbons contain, of all known definite carbon-compounds, rela-

tively the largest amount of carbon, viz., 95 per cent., or even more
than anthracite.

ON THE CONNECTION EXISTING BETWEEN THE COLOUR AND
MOLECULAR CONSTITUTION OF CARBON-COMPOUNDS.

The great majority of carbon-compounds is colourless
;
among the

aromatic compounds, however, a number of bodies is found, having
the characteristic colours, or possessing the property of rellecting only

certain rays of light.
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These coloured compounds have one property in common : they all

combine with nascent hydrogen, whereby colourless bodies are pro-

duced. This proves that they contain certain atoms more closely

combined than is necessary for keeping the molecule together, and
therefore this closer combination must be the cause of the colouration.

Thus the quinones of benzene and naphtlialene have either a yellow

or green colour, while the oxyquinones of anthracene (alizarin, &c.)

are mostly red. They combine with hydrogen, forming colourless

hydroquinones, and colourless compounds are also produced by com-
bining the two atoms of oxygen with acid or alcohol-radicals. From
this it appears that the combination of the oxygen-atoms is the cause

of the colour :
—

Quinone
(yellow).

fo
U)>

Quiiihyilrone

(green).

fO-OC,H,.OH
I 0 - OCcH^.OII

Hydroqnuioiie
(colourless).

(
OH

ton
Azo-compounds have either a red or blue colour, and yield, by

reduction, colourless hydrazo-cornpounds
;

their colour is, therefore,

due to the double linking of the nitrogen-atoms :

—

Azobenzeno
(red).

N-Cell,
li

N-C,H,

Indigotin
(blue).

N—CgH^.CO.CH

II II

X—CgH,.CO.CH

Magdala-red.

X-C,,H,
II

Hydrazobenzene
(colourless).

HX—
I

HX-C,H,
Hydro-indigotiu

(colourless).

IIX—CeH,.CO.CH
I

II

HX—CJi,.CO.CH

Azodiplieiiyl-blue.

X-0,H,
II

N-C,H,.XH(C,H,)

Similar relations exist undoubtedly between rosaniline and leucani-

ne, and between the phenol-colours and their products of reduction.

DESTKUCTIVE DISTILLATION.

When non-volatile carbon-compounds are heated, they undergo de-

composition, and are resolved into different products, varying with the

nature of the substance as well as with the mode of heating.

The destructive or dry distillation of coal, bituminous shale, wood,
peat, &c., is carried on for the purpose of obtaining illuminating gas,

as well as the liquid and solid products.
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Crude coal-gas contains hydrogen, marsh-gas, and other paraffins,

olehnes, acetylene, vapour of benzene, and other volatile liydro-

carbons, carbon monoxide and dioxide, carbon disulpliide, hydrogen
sulphide, &c.

The liquid products separate, on standing, into two layers. The
aqueous solution obtained from coal contains chiefly ammonia, whilst

that from wood contains methyl alcohol, acetic acid, and other fatty

acids, methyl acetate, dimethyl ketone, dimethylacetal, &c.

The composition of the dark oily layer, or tar, is very varyiiig and
complicated. Tlie following bodies have been found in different kinds

of tar :

—

(1.) Paraffins occur chiefly in tar which has been obtained from

bodies containing a relatively large quantity of liydrogen, such as

cannel and boghead-coal.

(2.) Olefines exist also principally in the same kinds of tar.

(3.) Hydrocarbon of the acetylene-series.

(4.) Benzene and methylated benzenes.

(5.) Naphthalene, acenaphthene, phenanthrene, anthracene, pyrene, ,

chrysene, retene.

(6.) Phenol, cresol, and homologues.

Wood-tar contains also pyrocatechin and homologues, as well as

their methyl-ethers (creosote).
_ ^

(7.) Aniline, toluidine, and homologous bases. ;

(8.) Picoline and leucoline-bases.

The formation of these different bodies is partly explained by the .<

following observations.
*

When a carbon-compound burns in a limited supply of air, there is f.

always some acetylene formed, and such an incomplete combustion

takes place at the beginning of the dry distillation. On exposing

acetylene to a dull-red heat it undergoes polymerization, and yields
.

benzene, styrolene, and other products, among which hydrogen and -

'

naphthalene have been observed.

At a bright-red heat, acetylene is resolved into liydrogen and car-
*

bon, but at the time some marsh-gas, ethene and naphthalene are '

produced.

Acetylene and hydrogen combine at a dull-red heat with the forma-

tion of ethane and ethene.

When benzene is exposed to a bright-red heat it yields diphenyl,

diphenyl-benzene, and otlicr hydrocarbons.

Toluene produces, under the same conditions, marsh-gas, benzene,

naphthalene, anthracene, &c.

The xylenes and pseudocumene yield similar products, and the

different hydrocarbons thus formed undergo further transformations

by acting on each other at a high temiieratnre.
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GLUCOSIDES.

Nearly all plants contain peculiar compounds, which have the pro-

perty in common to be resolved into a sugar, and other compounds, by
the action of acids, alkalis, or ferments. Some of these glucosides

occur also in the animal kingdom.

The chemical character of these bodies shows that they are com-
pound ethers of sugar or of bodies nearly related to them, such as

gum, starch, &c.

The number of glucosides known is very large, and most of them
yield products of decomposition belonging to the aromatic group.

We can describe here only those of more importance.

Myronic Acid C^QHjgNS20 ^Q.—The potassium-salt of this acid exists

in the seed of the black mustard, and is obtained by boiling the

crushed seeds with alcohol, and exhausting the residue with water.

It crystallizes in silky needles
;
on boiling it with baryta-water, or by

the action of a ferment called myrosm, which is contained in the

seed, it splits up into mustard-oil, glucose, and acid ]Dotassium sul-

phate :—

C^oH^gKNSgOio = CJi^NS + + HKSO^

The free myronic acid, which has been prepared by decomposing
the potassium-salt with tartaric acid, is a very unstable compound.
When silver nitrate is added to a solution of the potassium-salt, a

white precipitate consisting of C^H5NAg2S20^ is formed, and glucose

remains in solution. Hydrogen sulphide decomposes this salt into

sulphur, silver sulphide, sulphuric acid, and crotouitrile :

—

C,H,NAg.2S20, + H3
S == S -f AggS + HgSO, + C,H,N

GLUCOSIDES OF THE AKOMATIG GROUP.

Aniyydcdin C2oH27NO^^ occurs in the kernels of cherries, plums,
apricots, &c., and in large quantity in bitter almonds and the leaves

of the common laurel
;

it exists also in the leaves of the bird-cherry

{Prumis Pculus) and the sprouts and bark of the mountain-ash, and
in other plants belonging to the family of Drupacccc and Amyydalccc.
To prepare it, the paste of bitter almonds, from which the oil has

been expressed, is exhausted with boiling alcohol, the solution con-

centrated, and the amygdalin precipitated by adding ether. It is

thus obtained in pearly scales, crystallizing from water in transparent

prisms with three molecules of water.

When amygdalin is treated with dilute acids, or when cmulsin (the
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ferment of bitter almonds) is added to tlie aqueous solution, it splits

up into j)russic acid, benzaldeliyde, and glucose

0-f 3

I
cy 1^0,

1

CN j

+ 2H
2
O = CNH + Cyi,.COH +

Emulsin loses its active properties when heated to 100°
;
therefore

in preparing oil of bitter almonds the joaste must be mixed with cold

water, and allowed to stand for some time before it is distilled.

Halicin Cy I^gO^ is found in the young bark of several species of

willow and poplar, and in castoreum (the preputial follicles of the

beaver). It is obtained by exhausting the bark with boiling water,

and digesting the concentrated solution with lead oxide, to remove

gum, tannic acid, &c. After filtering, the liqnid is treated with

hydrogen sulphide, and the clear solution evaporated to the con-

sistency of a syrup. On standing, salicin crystallizes out in colour-

less prisms, melting at 198°, and possessing a bitter taste.

By the action of emulsin or saliva on its aqueous solution it is re-

solved into glucose and saligenin, or salicyl alcohol :

—

CeHnOj
I 0 + H,0 + C„H,(OH)CH,.OH

Chromic acicl-soliition oxidizes it to salicylaldehyde, formic acid

and carbon dioxide.

Pop2ilin C
20
H

2 .2
O

8 + 2H
2
O occurs with salicin in the barks and

leaves of the aspen, and is“separated from salicin by precipitating it

with potassium carbonate from the aqueous solution. It crystallizes

in small prisms having a sweet taste. Boiling baryta-M'ater resolves

it into salicin and benzoic acid :

—

CcHiiOs I Q i] Q
C,H,(0C,H,0)CH2 3

^
1 0 4- C H 0

C(.H,(OH)CH., 3

^ ^ 2

I’opulin has been produced artificially by the action of benzoyl

chloride on salicin.

Hdicin is obtained by oxidizing salicin with dilute nitric

acid. It is a crystalline substance, having a slightly bitter taste. By

(reating it with' emulsin or dilute acids it yields glucose and salicyl-

,-aldehyde :
—

+ cyf,(OH)Con

Arhut'in exists in the leaves of the bearberry (Arbutvs

Ura-ursi), from which it is obtained in the same way as salicin from

willow-bark. It is freely soluble in water, and crystallizes in needles

haviim a bitter taste. Emulsin or dilute acids decompose it into

glucose and hydroquiuone :

—
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^
6
^11^5 lo-t-HO = CH O -4-CH ('OPT')

CgH^(OPI) j

^ ^

Concentrated nitric acid converts it into dinitro-arbntin, which by
boiling dilute sulphuric acid is resolved into glucose and dinitrohydro-

quinone.

Phlorizin Cg^Ho^O^g + 2II2O occurs in the root-bark of the apple,

pear, plum, and cherry-tree, and is obtained by exhausting the bark
with hot dilute alcohol. It crystallizes from boiling water in silky

needles, possessing a bitter taste. On heating it loses water and melts

at 108''. On boiling it with dilute acids it splits up into glucose and
phloretin ;—

•

C-nH.,,0,g -P 2H
2
O = CglT^^Og -P C\gPI,20g

Phloretin C^gPI^^Og forms crystalline scales
;
boiling alkalis decom-

pose it into phloretic acid CgH^(0H)C3H502 (page 395) and phloro-

glucin CgH3(OH)3 (page 341).

Phlorizin has therefore the following constitution :

—

^V,HnOs I 0
CeH3(OH)

C„H,(OH)C,H,.CO
t

O

jPsculin C2iH2^0^3 exists in the bark of the horse-chestnut and
other trees of the genera yPscidus and Pavia. It is sparingly soluble

in cold and more freely in hot water, and crystallizes in colourless

needles having a bitter taste. Its aqueous solution, even if very
dilute, exhibits a beautiful sky-blue fluorescence. By boiling dilute

acids or emulsin it is decomposed into glucose and fesculetin :

—

C21H.24O13 + 3H2O = 2CgH,20o + CgllgO,

JEscidetin CgHgO^ is also found in the free state in the bark of the

horse-chestnut. It is sparingly soluble in water, and forms needles

having a bitter taste. Boiling potash decomposes it into formic acid,

oxalic acid, and protocatechuic acid CgH3(0H)2C02H.
Quercitrin 033113307 is the colouring matter of “ quercitron ” (the

bark of Quercus tinctoria), and occurs also in the flowers of the horse-

chestnut. It is sparingly soluble in water, and forms small yellow
crystals. By boiling it with dilute sulphuric acid it yields isodulcite

(page 280) and quercetin.

Quercetin, or Flavin C.27H2g072, exists also in the free state in the

common heather, in tea, and the root-bark of several trees. It is

sparingly soluble in water, and sublimes in yellow needles. When it

is heated with caustic potash different products are formed, among
which have been found phloroglucin, protocatechuic acid, and querci-

meric acid CH3(OH)(C()2lI)2, which crystallizes in thick prisms, and
gives with ferric chloride a bluish-black colour.

The. following compounds have great resemblance to quercitrin

;

they yield as products of decomposition quercetin and peculiar
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sugars, wliicli are different from isodulcite. Rutin exists in capers

and the common rue
;
Mclin is the colouring matter of I’ersian berries,

and Robinin occurs in Rohinia 'pseud-acacui.

Carmiiiic Acid is found in cochineal and in the flowers

of Monarda d/idyma. It is prepared by exhaiisting cochineal with

boiling water, and precipitating the solution with lead acetate. The
precipitate is well waslied, and decomposed by hydrogen sulphide;

on evaporating the fdtrate at a low temperature, carminic acid is ob-

tained as an amorphous brownish-purple mass. Its salts are purple

or rod
;
the splendid pigment “ carmine ” is the aluminium-com-

pound.
When carminic acid is boiled with dilute sulphuric acid it is re-

solved into a non-ferraentable sugar and carmin-red which
is a weak acid, and dissolves in water with a red colour.

AYhen heated with strong nitric acid, carminic acid yields oxalic

acid and nitrococcusic, or trinitrocresotic acid 0^(1^02)30H

+ 11,0 ,
crystallizing in large silvery plates, and forming ver

sive salts. On heating it with water to 180° it is resolved into carbon

dioxide and trinitrocrcsol, which is identical with that obtained from

coal tar-cresol.

By fusing carminic acid with potash it yields acetic, oxalic, and
succinic acids and coccinin 0

^411 ^20 r,, a yellow crystalline body.

Rujicoccin C^^gH^QOg is obtained by heating carminic acid (or car-

mine) with sulphuric acid to 140°. It is a red crystalline powder,

which, when heated with water under pressure, is converted into

orange-red needles, and dissolves in alkalis with a red colour. By
heating it with zinc-dust the hydrocarbon Cigll^g is obtained, sub-

liming in white plates, melting at 188°, and yielding by oxidation a

yellowish-white quinone. This hydrocarbon is probably a derivative

CII2

of anthracene, having the constitution Ci^IIs<(^
j

CH2
Ruficarmin C^QlIigOg has been produced by heating carmine with

water to 200°. It is a carmine-red powder, which is insoluble in

water but dissolves freely in alcohol.

Indican C52Hc2^2^^34 occurs in all the plants yielding indigo, and

sometimes in urine, and forms a pale-brown syrupy liquid, having a

bitter taste. By the action of ferments or dilute acids it is decom-

posed into indigotin, a kind of sugar, and other products.

Frangulin C2oIIoo^io prepared by exhausting the bark of

Rhamnus fmngula with alcohol. It is a lemon-yellow crystalline

powder, which dissolves in alkalis with an intense clierry-red colour,

and is by boiling hydrochloric acid resolved into glucose and frangulic

acid (page 451) :

—

+ C,H,20g

Rubianic Acid, or Riihcryfliric Acid 02011 .23^145 exists in the fresh
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]uadder-root and in Morinda citrifulia. It is obtained by exhausting

the root with water, and adding lead acetate to the solution to pre-

cipitate several acids and other bodies. The filtrate gives with basic

lead acetate a precipitate of lead rubianate, which is decomposed by
hydrogen sulphide. It crystallizes in silky yellow needles

;
by boil-

ing it witli dilute alkalis or acids it is resolved into alizarin and

glucose. The same decomposition is caused by the action of a

ferment, which is contained in the root, and has been called cryth-

Tozymc :

—

W I oc'h"o;
+ + C no '4 OH

TANNIC ACIDS.

These compounds form a group of bodies which are widely diffused

through the vegetable kingdom. They are soluble in water, and have
an acid reaction and a very astringent taste. With ferric chloride

they yield bluish-black or green precipitates, and with gelatin they

form an insoluble compound. They also combine with animal skin,

which thereby acquires the property of resisting putrefaction. For
these reasons tannic acids or the materials in which they occur are

largely employed in the preparation of leather, ink, in dyeing and
printing, &c.

Tannin, or Gallotannic Acid, occurs in quantity in nutgalls, and
exists also in sumach {Bhus coriaria) and some other plants. To pre-

pare it, powdered nutgalls are exhausted with commercial ether
;
the

solution soon separates into two layers, the upper one consisting

chiefly of ether, and the lower one of a syrupy solution of tannin in

water, containing some ether. On evaporation, tannin is left behind

as an amorphous, porous, and ^friable mass. It is freely soluble in

water, less in alcohol, and only sparingly in ether. With ferric salts

it gives a bluish-black precipitate, and with tartar-emetic a white one.

It precipitates also the solutions of most alkaloids, of starch, gelatin,

albumen, &c.

AVhen tannin is boiled with a dilute mineral acid it assimilates

water, and yields gallic acid and glucose. The same decomposition

takes place when powdered nutgalls are moistened with water and
exposed to the air.

The formation of gallic acid is generally explained by the equa-

tion :

—

+ 4H,0 = C„U„0„ + 3C,H,0,

Eecent researches have however shown that commercial tannin con-

tains a large quantity of digallic acid (page 373), which by the as-

similation of water is also converted into gallic acid. On the other

hand, there cannot be any doubt that tannin contains a glucoside of
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gallic acid or digallic acid, because sugar lias been obtained from it,

and alcohol is formed by the fermentation of nutgalls.

Caffeetannic Acid C^gir^gOg exists in coffee and Paraguay tea
;

it is

a yellow brittle mass, which does not precipitate a solution of gelatin,

and gives with ferric chloride a green precipitate. On boiling it Avith

potash it yields a sugar and caffeic acid CgH3(0H)2C2H2-C02H
(page 397 ).

Qidnotannic Acid is a substance resembling tannin, and exists in

combination wdth quinine and other alkaloids in Cinchona-barks. It

gives with ferric chloride a green precipitate, and on boiling it Avith

an acid it yields a sugar and cinchona-red CogH.^.^Oj^, which also

occurs in the free state in the barks
;

it is a broAvnish-red amorphous
body, having acid properties. By fusing it Avith potash it yields

acetic acid and protocatechuic acid.

Qiiercotannic Acid is found in the bark of the oak, and forms a

yellowish-brown mass, Avhich precipitates ferric salts deep-blue, and is

resolved by boiling dilute acids into a sugar and amorphous quercus-

red ; on fusing this body Avith potash, phloroglucin and protocatechuic

acid are produced.

Similar tannic acids occur in the roots of Tormeniilla officinalis,

Kramcria iriandra, and As'pidium Filix-mas. They are resolved by
dilute acids into sugars and red amorphous bodies, yielding, by fusing

Avith potash, phloroglucin and protocatechuic acid.

Cateclmtannic Acid is a body resembling tannin, and is contained

in “ catechu,” a brown extract Avhich is prepared in India from Acacia.

Catechu and other trees. It precipitates gelatin and yields a dirty-

green precipitate Avith ferric chloride. Catechu contains, besides this

acid, a crystalline body called catechin C^^lI^gOg, Avhich exists in

larger quantity in the catechu from Naudea Gamhir. It colours ferric

salts green, and reduces the solutions of the noble metals. AYhen
heated it yields pyrocatechin, and Avhen fused Avith potash it Is de-

composed into phloroglucin and pyrocatechuic acid.

Kinotannic Acid forms the principal constituent of “kino,” a red-

dish-brown extract, Avhich is prepared from the juice of .Picrocarpvs

erinaccus and Goccoloha uvifera. It gives Avith ferric salts a green

precipitate, and yields phloroglucin Avhen it is fused Avith potash.

Moritannic Acid, or Maclurin C^gll^gOg -j- ITgO, is the colouring

matter of “fustic,” or the AA’ood of Moras and separates from

a hot aqueous solution as a yelloAv crystalline poAvder. It colours

ferric salts green, and is resoh’-ed by potash into phloroglucin and
protocatechuic acid.

Fustic contains also morin C^2lIgOj.„ Avhich is sparingly soluble in

Avater, and crystallizes in pale yelloAv needles. By the action of

sodium-amalgam and Avater it is converted into phloroglucin.

+ II2O + II.2 = 20,11,03

Scoqjarin O.21H22O10 exists in the common broom (Squirtiuni sco-

jmrium), and separates from alcohol in small colourless crystals.
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wliicli dissolve in alkalis with a gveenish-yellow colour, and on
boiling this solution down, phloroglucin and protocatechuic acid are

produced.

GLUCOSIDES YIELDING PRODUCTS OF UNKNOWN CONSTITUTION.

Fraxin is found in the bark of the ash and horse chest-

nut-tree, and forms colourless needles, which are sparingly soluble in

water, and yield a fluorescent solution. Dilute acids resolve it into

sugar and crystalline Fraxi'tin C^gHgOg.

Piniioicrin is contained in the bark and needles of Finns
syJvestris and of Thuja occidentalis. It is a yellow, amorphous, bitter

powder, which by dilute boiling sulphuric acid is resolved into sugar

and ericinol a pale yellow oil possessing a strong aromatic

smell, and which is also obtained by distilling the leaves of Ledum
IKilustre, Rhododendron ferrugineum, Calhina vulgaris, and other

Fricaeecc with water.

Convolvidin is the active principle of jalap, and forms a

resinous mass, which is soluble in alcohol and in alkalis
;
the latter

solution contains bibasic convolmUic acid an amorplious.

sour substance, which is soluble in water. These two compounds are

converted by the action of acids or emulsin into sugar and convol-

vulinol C^gH.^^Og, which combines with alkalis, forming monobasic
convolvulinolic acid which is sparingly soluble in water, and
crvstallizes in small needles. Nitric acid oxidizes it to ipomic acid

c;H,gO,.
. , ,Jakqnn Cg^lT-yOjg is a homologue of convolvulin, and exists in the

jalap from Convolvulus orizahensis. It has great resemblance to con-

volvulin, yielding sugar and jalapinol C^gHg^Og, which by alkalis is

converted into jalapinolic acid C^gHg^O^, and by nitric acid imo
ipomic acid.

Similar resinous glucosides exist in other plants of the same
order

;
the root of Ipomcca TurpctJmni contains tuipcthin, and that of

Convolvulus Scammonia a compound called scammonin.

Hellcborein C.2gH^^0^5 is contained in the root of the Christmas-rose

{ILcllchorus nigcr). It crystallizes from water in small needles, and is

a narcotic poison. "With dilute acids it yields sugar and amorphous
hcllehoretin C^^II.^gOg.

Hellchorin CggH^g^c found together with some helleboreiu in the.

root of Hdlcborus viridis. It is insoluble in water, and forms glisten-

ing needles. It is a powerful poison, and by boiling it vdth an acid

is resolved into sugar and amorphous hcllchoresin CggHggO^.

Saponin Cg2
Hg^0

^g
is contained in the root of SajMuaria officinalis,

Gypsophila Struthium, Agrostcma Githago, and different species of

I/ychnis, in Polygala Senega, in the seeds of the horse-chestnut, and
many other plants. It is a white amorphous powder, having a

'C II H
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sweetish astringent taste. Its dust produces violent sneezing, and its

aqueous solution, when shaken, froths like a soap- solution. Fuming
hydrochloric acid resolves it into an amorphous sugar and sapogcnin

c„u,,o,.
Ccancin C^ohLgO^g is found in the cainca-root {Chiococca racemosa),

and crystallizes in slender prisms. Hydrochloric acid decomposes it

into sugar and cuincctin C.22II34O3, which when fused with potash is

resolved into butyric acid and caincigenin C^^Hg^Oo.

Chinovin CjolI^gOg has been found in China nova and otlier cin-

chona-barks. It is an amorphous powder, which is insoluble in

water, and by boiling it with an acid yields mannitane and chinovic

acid 024113304, which is insoluble in water, sparingly soluble in boil-

ing alcohol, and forms a white crystalline powder. It is a bibasic

acid, and apparently homologous with the phthalic acids.

Glgcyrrhicin, or Liqmricc-sugar C24ll3gOg, is the sweet princijile

contained in the root of the common liquorice, and is prepared by
precipitating an aqueous infusion of the root with basic lead acetate,

and decomposing the washed precipitate with hydrogen sulphide. It

is a yellowish amorphous powder, having a sweet and acrid taste.

When boiled with a dilute acid, it is resolved into sugar and resinous

glgcyrretin.

Daphnin C34II34O40 + dlloO is found in the bark of the mezereon
and other species of Daphne. It is almost insoluble in cold water,

and crystallizes from a boiling solution in colourless prisms. Dilute

acids decompose it into sugar and daphnetin C4gll440g.

Digitalin is a most violent poison, existing in the common foxglove,

and forms an amorplious powder having an intensely bitter taste. Its

composition is not known
;
acids resolve it into sugar and amorphous

dig itairet in.

Antiarin is the active principle of the arrow-poison of Java, which
is prepared from the milky juice of Antiaris toxicaria. It forms

colourless crystals, and is soluble in water and alcohol. It has not

been analyzed
;
acids convert it into sugar and a resinous substance.

Cydamin C20H24O40 occurs in the tubers of Cyclamen europaann,

and is resolved into sugar and cyclamirctin F441I4(.()q.

Ononin C3QH34O43 is contained in the root of Ononis spinosa, and is

• decomposed by boiling hydrochloric acid into sugar and fonnonatin
C.,4lt.,2D„, which by alkalis is resolved into ononetin C23II22O3 and
formic acid.

Coniferin occurs in the cambial liquid of the Conifcrcr, and lias

been resolved into sugar and a resin.

Mcnyanthin, which is found in }f€.nyanthe'S trifoliata, yields with

acids sugar aud menyanthol CgllgO, which is a liquid resembling oil

of bitter almonds, and when exposed to the air is oxidized to an acid

of unknown composition.

Polychroitc C4gll(.o04g is the colouring matter of saffron, and forms

an amorphous, deli([uescent, ruby-red mass. When boiled with a

dilute acid it yields sugar, crocin, and a volatile oil. Crocin
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is a red powder, wliicli is insoluble in water, but dissolves in alcohol

and alkalis. The volatile yellow oil has the composition C^QHjgO,

and smells strongly like saffron.

A]SIMAL GLUCOSIDES.

Chitin CyTI^^lSrO^, is the principal constituent of the horny cover of

beetles and crustaceans. To prepare it, the wing-cases of the cock-

chafer are exhausted successively with boiling water, dilute potash,

dilute hydrochloric acid, alcohol, and ether. Chitin is left behind as

a colourless, translucent mass. With concentrated sulphuric acid it

forms a colourless solution, which, when diluted with water and
boiled, contains ammonia, a fermentable sugar, and other products.

Cercbrin is a constituent of the brain, and prepared by
exhausting brain with boiling water, which removes inosite, volatile

fatty acids, lactic acids, creatine, uric acid, and other bodies. The
residue is then treated with boiling ether, which dissolves cholesterin,

lecithin, and cerebrin, which latter, being insoluble in coffl ether,

separates out on cooling. It is a light, amorphous powder, without
taste or smell

;
with boiling Avater it forms a gelatinous mass, and

boiling dilute acids convert it into sugar and other unknown bodies.

ARTIFICIAL BASES FROM VARIOUS SOURCES.

BASES FROM ANIMAL OIL.

Tyridine .

I’icoline .

Lutidine .

Collidine .

• C, H, N
. C,

. C, Hg N
• C3

Parvoline .

Coridine .

Kubidine .

Viridine .

. C9 H,3K

These bases occur in “DippeTs oil” (Oleum animale Diljpelii),

which is produced by the dry distillation of bones and other animal

matter, and occur also in coal-tar. They differ from the isomeric

aromatic amido-compounds by being tertiary bases, which combine
with the iodides of the alcohol-radicals to form compormd ammonium
iodides. Their hydrochlorides yield with the chloride of gold and
platinum double salts which readily crystallize.

Pyridine exists also in the products of combustion of

tobacco
;

it is a limpid liquid, which is soluble in water, possesses a

strong and persistent odour, and boils at 117°. It is also produced,

but in a small quantity only, by treating an alcoholic solution

of amido-azonaphthalene with hydrochloric acid and tin and by the

action of phosj)horus pentoxide on amyl nitrate :

—

= 3H,0 -h C.H^N
H H o
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It forms a sulphonic acid with fuming sulpimric acid, and by add-
ing potash to a solution of pyridine-ethylammoniiim hydroxide a red
body is gradually formed, dyeing a beautiful red shade on silk.

Sodium converts pyridine into bases which are richer in hydrogen,

and into diiiyrUUne C^qH^q1S12 ,
which forms colourless crystals melting

at 108°. It yields crystallizable salts, and is not acted on by concen- •

trated nitric acid.

Ficoline is a liquid resembling pyridine, and boiling at 135°. »

It has been obtained artificially by the dry distillation of acrolein-

ammonia :— i
»

CJIgNO = CJlyN + H^O

and by heating propenyl tribromide with alcoholic ammonia
;

first

dimonobromallylamine is formed, which by the further action of am-
monia is converted into picoline :

—

C^HgEr^N = CcHyN + 2HBr

Luticline is a liquid resembling picoline, and boils at 154°.

Collidine CgHj_j^]Sr
.2
is an oily liquid boiling at 176°, and possessing

a powerful odour. It has been produced artificially by heating alde-

hyde-ammonia with absolute alcohol to 130°. In this reaction the
'

acetaldehyde is probably first converted into crotonaldehyde, which is
' '

then transformed into collidine :

—

2C,Hg02 + NHg = + 2H
2
O

I

The same base has been obtained by heating ethidene dibromide

with aqueous ammonia to 160°.

The other bases belonging to this group are also liquids possessing
j

a strong odour; their constitution is not definitely known, but they

contain the nitrogen only combined with carbon, and the carbon-

atoms probably linked together in a closed chain
;
this appears the

more probable as pyridine has been obtained from naphthalene, and

the constitution of the first member appears to be the following :

—

CH
/X

lie CH
II i

lie CH

N

BASES CONTAINED IN COAL-TAR.

. e, ILN

I

i.

i

Leucoliiie .

Iridoline .

Cryptidine . «
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BASES FOBMED BY THE DESTRUCTIVE DISTILLATION OF ALKALOIDS.

Chinoline . . . C,j 1ST

Lepidine . . . N
Dispoliiie . . .

Tetraliiroline . .

Pentaliiroline

Isoline . . .

Ettidine . .

Validine . .

Chinoline Cgll^^N has been produced by distilling quinine, cin-

chonine, strychnine, and other alkaloids with potash. It is a colour-

less liquid, possessing a strong aromatic odour, and boiling at 220°.

Its salts are soluble in water, and crystalli;^e well. Fuming sulphuric

acid converts it into cliinolinesul'phonie acid CgHgN.SOgH, forming
hard, shining crystals, and yielding an amorphous barium salt, which
is sparingly soluble in water. When bromine-vapour comes in con-

tact with chinoline it is converted into tribromochinoline Cgll^Bi’gX,

crystallizing in soft silky needles.

Cyanine C.,gIl
35
N

2
l.—This beautiful compound is produced by

treating chinoline-amylammoniiLm iodide (Cgll^.C^Hj^jN! with caustic

potash. It crystallizes in brilliant plates having a beetle-green lustre,

and dissolving in alcohol with a magnificent blue colour. On dissolv-

ing it in hot hydriodic acid a colourless solution is obtained, which on
cooling deposits yellow needles, containing CggHg^lSTgl IH. With
other acids it forms similar compounds, which are decomposed by
boiling water into free acid and the coloured salt.

The homologues of chinoline are capable of producing similar blue

compounds. A mixture of the chinoline and lepidine-compound was
some time ago used for dyeing on silk a pure and rich blue, but its

use has been abandoned, on account of it being rapidly acted upon by
light and destroyed.

Leucoline was formerly believed to be identical with chinoline, from

which it differs by boiling at 238°, and not yielding a blue colour

with amyl iodide and potash.

Chinoline has a great resemblance with pyridine, and stands pro-

bably in the same relation to this base as naphthalene to benzene,

and its constitution would therefore be :

—

HC CII

/ X / X
HC C CII

HC C
. \ X
N CH

CH
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NATURAL BASES OR ALKALOIDS.

IMtiny plants, and principally those of medical or poisonous pro-

perties, contain l)asic componnds which are called alkaloids. They
contain nitrogen, and a few of them are volatile, and have great

resemblance with compound ammonias
;
the majority, however, have

a more complicated constitution, and are decomposed by heat.

Most of them are sparingly soluble in water, more freely in alcohol

;

the solutions have an alkaline reaction, and usually an intensely

bitter taste. They combine, like ammonia, with acids, forming crys-

tallizable salts, which are more freely soluble than the bases. Their

hydrochlorides form, with the chlorides of gold, platinum, mercury,

&c., crystalline double salts.

]\Iost alkaloids are preci[)itated from their solutions by tannin, the

double iodides of potassium, and mercury, caflmium and bismuth,

phosphoniolybdic acid, phosphoantimonic acid, metatungstic acid,

picric acid, and a solution of iodine in potassium iodide. By treating

these precipitates vvdth an alkali, the bases are set free, and the above
reactions are therefore frecpiently made u.se of in the preparation or

detection of alkaloids.

VOLATILE ALKALOIDS.

Conine CgH^jN’ exists in all parts of the true hendock {Coniiim

raacnlatum), principally in the seeds, from which it is obtaincil by
distilling them with dilute soda-solution. The distillate is neutralized

with sulphuric acid, evaporated to the consistency of a syrup, and
then distilled with concentrated soda.

Conine is an oily liquid having the specific gravity 0'89, boiling at

163°'5, and turning the plane of polarization to the right. It pos-

sesses a nauseous and sharp taste and disagreeable smell
;

it dis-

solves to some extent in cold water, and this solution becomes turbid

on heating it gently, conine being more soluble in cold than in warm
water. When in contact with air, it colours brown, and is slowly de-

composed with the formation of ammonia
;
the solutions of its salts

undergo a similar change. On oxidation it yields butyric acid, and
when nitrogen trioxide is passed into it, a yellow thick liquid is

formed, which by water is decomposed into nitric acid and azocony-

drine CglliglNOjiC, a pale yellow oil, which is reconverted into conine

by the action of nascent hydrogen :

—

CglfigfNOlN -f- 2H2 = CgHjgN -f HgO -b NII3

When azoconydrine is heated with phosphorus pentoxide, it is re-

solved into water, nitrogen, and conylene CglT^^, which is a homologue
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of acetylene
;

it is a very refractive liquid, boiling at 12G°, and form-
ing with bromine conykm dihromide Cgll^jlb^, a heavy oil, possessing
a disagreeable, pungent smell. Conylene is the dyad radical of
conine C"gH^^.jSTH.

Mdhylcontne CgH^^.NCHg occurs sometimes in hemlock, and is

readily prepared by the action of methyl iodide on conine. It lias

great resemblance to conine, and combines with methyl iodide, form-
ing crystalline conine-methylammonmm iodide N(C"gllumh)2^>
which by the action of moist silver oxide is converted into the
caustic and alkaline hydroxide.

Comydrinc CgH^»ON exists also in hemlock, and forms colourless,

iridescent plates. It melts at 120°‘G, boils at 225°, and sublimes
readily at a lower temperature. When heated with phosphorus
pentoxide it is resolved into water and conine. It forms ciystalline

salts, and is not acted upon by nitrogen trioxide. By treating it with
ethyl iodide it forms conydrine-diethylamine hydriodide N(CglI,rO)
(C, II,),.III.

Paraconine CgH^,ISr.—This isomeride of conine has been produced
synthetically by the action of alcoholic ammonia on butyraldehyde,
which thereby is converted into dibutyraUlme Cj^gll^^-OX, which is

isomeric with conydrine, and is by distillation resolved into water
and paraconine.

Paraconine is a liquid boiling at 1G0° to 170°
;

its odour and taste

resembling those of conine, and its aqueous solution becomes turbid

on heating. Like conine, it is a powerful narcotic poison, but differs

from it by being a tertiary base and possessing no rotatory power.

The constitution of these different compounds may be explained by
the followincf formulse :

—

O

Conine.

CH.CIIo.CTI^.CITg

II

CII.C1I2.CH,.CH=N1T

Conydrine.

CH.CH2.CH.2.CTI3

CH.Cn,.CH,.CH/™,

Pcaraconine.

CH.CH^.OH^.CHg

II

KCH=CH.CIl2.CIl3

Dii)utyraldin.

HO.CH.CH2.CH2-CH3

IIN.CH=CH.CIT.2CH3

Nicotine C^oHj^lSr, occurs in the seeds and leaves of different kinds

of tobacco. The common sorts contain about 8 per cent, and
Havanna tobacco only 2 per cent. To prepare nicotine, the leaves

are exhausted with very dilute, warm sulphuric acid, and the concen-

trated solution distilled with potash. The distillate is shaken with

ether, which dissolves the nicotine
;
on evaporation it is obtained as

an oil, which is purified by distilling it over lime in a current of

hydrogen.

Nicotine is a colourless oil, possessing a faint smell of tobacco in
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the cold, but on heating it becomes nauseous and pungent. It has

the specilic gra\dty 1'048 at 0°, and boils under decomposition at

250 °, but volatilizes without change in a current of hydrogen at about

180 °. It is a bi-acid base, forming salts which do not crystallize well.

Nicotine is a tertiary amine, and forms with ethyl iodide the crys-

talline nicotine-ethylcimmonium di-iodide N2(_Ci(,IIj4)(C.2Hj:;).2l.2, whicli

with moist silver oxide yields the caustic and strongly alkaline

hydroxide.

It combines with bromine, forming the compound
which crystallizes in light-red prisms, and is converted by boiling

water into dibromonicotine hydrohromide
5

composing this compound with ammonia, dibromonicotine is obtained,

crystallizing from hot water in long colourless needles.

Nicotinic Acid C^oHgN203 is obtained by oxidizing nicotine with

fuming nitric acid or chromic acid solution. It forms colourless

crystals, which can be sublimed, and possesses a strongly acid taste.

It forms not only metallic salts, but combines, like an amido-com-
pound, with strong acids. The hydrochloride 2C^QHgN203 + 3HCT
forms colourless prisms, and gives with platinic chloride a double salt

+ 6HC1 + 3PtCl4 -t- 8H2O, cr^'stallizing in beautiful

orange-red, oblique prisms. On distilling the calcium salt vutli lime,

nitrogen is given off 'pyridinc distils over.

ALKALOIDS OCCURRING IN OPIUM.

Opium is the inspissated juice of the capsulae of the pop]\v

{Papavcr somnifcrum)

,

and prepared in large quantity in Asia ISIinor,

Turkey, Egypt, India, and Southern Germany. It is a very compli-

cated substance, containing a number of alkaloids in combination with

meconic and sulphuric acids, and gummy and resinous matters, caout-

chouc, &c.

The best opium from Smyrna contains about 10 per cent, of mor-
phine. The following opium-alkaloids are known:

—

Morphine . C^.H^^NOg iNIeconidine

Oxymorphine . C\-H4,N04 Laudanosine

Codeine . . . C4gll24N03 Ivhceadine

Thebaine . , . c,,1124X03 Cryptopine

Codamine Xarcotine .

Laudanine . C2oH2,X04 Lanthopine
Trotopine . . • ^20 1119X0 5

Xarceine .

Papaverine . . C21II21XO4

. C21H23NO4

. CgilG^NOg
• ^

21
^^

23 ^^^^.'-,

. CogllggNOy

• ^"1125X04

Of these compounds only morphine and narcotine exist in larger

quantities. Opium is a most valuable medicine
;
when given in a

small dose it acts as a sedative and anodyne, and produces a quiet
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sleep, although it increases the rapidity and fulness of the pulse. Jii

r larger doses it acts as a narcotic poison, producing intense sleepiness,

stupefaction, and death.

The most violent poison is thebaine
;
then in succession less, nar-

ceine, papaverine, codeine, morphine, and narcotine.

IMorphine is ])repared on the large scale by exhausting opium with

a small quantity of warm water, and adding calcium chloride to the

solution
;
a precipitate of calcium meconate and sulphate is obtained,

and the solution contains the hydrochlorides of the bases. On leav-

ing the concentrated solution to stand, the salts of morphine, codeine,

and oxyniorphine crystallize out, and are separated by adding ammonia
to their aqueous solution, by which only morpliine is precipitated.

Morphine Oj-ll^yNOg + HgO crystallizes from alcohol in shining

prisms, dissolving in 1000 parts of cold and 500 parts of boiling

w'ater
;

it is almost insoluble in ether and chloroform, but dissolves in

caustic alkalis. When heated, it loses the water of crystallization'

and melts, forming a colourless liquid, whicli on cooling solidifies to a

crystalline mass.

Morphine Hydrochloride C^^H^gNO^.ClH + SHgO dissolves freely in

alcohol and boiling water, and crystallizes in thin prisms.

Morphine Sulphate 2 (C^
7
HjgN03)S0.jH

2 + 5H,0 is a similar body.

Morphine Acetate is very soluble in water, and does not crystallize

well.

When morphine is heated with potash, it yields methylamine. By
adding ferric chloride a solution of a neutral salt of morphine of a

deep-blue colour is produced, and a solution of molybdic acid in con-

centrated sulphuric acid gives with dry morphine, or one of its salts,

a magnificent violet colour, which in the air first turns into a greenish-

brown, and then becomes deep-blue. Morphine decomposes iodic

acid, iodine being set free, which can easily be recognised by starch

-

paste. When morphine is heated with strong sulphuric acid to 100°,

and a drop of nitric acid is added, the liquid assumes a deep blood-

red colour.

iMorphine and its salts are much used in medicine
;
they act more

agreeably than opium, and are less exciting, and less liable to produce

nausea or headache.

Apomorphine 0^- 1:13
^
7^02 is produced by heating morphine with a

large excess of hydrochloric acid for some hours to 150°:

—

C\-H
7
gN03 = C7-H7-XVO2 -1- H2O

By decomposing its hydrochloride with acid sodium carbonate, the

free base is obtained as a white amorphous powder, which in the air

rapidly turns green. It is more freely soluble in water and ether

than morphine
;
the green oxidized apomorphine dissolves in ether

with a splendid dark-pink, and in chloroform with a violet colour.

The physiological action of apomorphine is entirely different from

that of morphine; a very small do.se of the hydrochloride produces
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speedy vomiting and considerable depression, bnt tliis soon passes off

without leaving any ill effects.

Oxymoiyhine, or Fseiuloiiioiyhine does not always occur
in opium, and is obtained by heating morphine hydrochloride witli

silver nitrite. It is a white powder, which gives reactions similar to

those of morphine.

Codeine, or Methyl-morphine Cj-irj^(CIT
3
)N03 ,

is precipitated from
the concentrated ammoniacal solution by caustic soda; it is freely

soluble in alcoliol, ether, ammonia, and boiling water, and crystallizes

in large transparent octahedrons. It is also used in medicine.

When heated with an excess of hydrochloric acid on a water-bath,

it is converted into cldorocodide :

—

C
18
H.

21
NO

3
HCl = C,8lI.3gClN03 + II.O

Chlorocodide is obtained by adding an alkali to the solution of the

hydrochloride as a snow-white mass, which readily dissolves in alcohol

and ether. On heating the hydrochloride with water to 140°, codeine

is reproduced :

—

IlgO -f C,7lI,7(CH3)ClX02 = IICl -t- Ci7Hi;(CH3)(0H)N02

When chlorocodide is heated with hydrochloric acid under pressure

it is resolved into methyl chloride and apomorphine ;

—

C,JIi7(CH3)Ch\03 = -h CII3CI

Narcotine CjgII^^(CH
3 ) 3
N07 is partly left behind in the “ marc,” or

insoluble portion of opium, from which it is extracted with acetic

acid. It crystallizes in small, glistening, white prisms, melting at

170°, and is tasteless and almost insoluble in water. It dissolves

readily in acids, but does not form well-defined wsalts.

When narcotine is heated with water to 250°, it vields trimethvl-

amine, and by heating it with fuming hydriodic acid it is resolved

into three molecules of methyl iodide and a new base called nornaco-

tine C^gHj^NOy. Products standing intermediate between this com-

pound are formed by heating narcotine with hydrochloric acid
;
the

first product being dimcthyl-noniacotine CjgII^
5
(CIl

3) 2
NO-, which by

the further action of the acid is transformed into methyl-nornacotine

C,glI,g(CIl3)NO,.
_

Above 200° narcotine is resolved into meconin and cotarnine, and

oxidizing agents convert it into cotarnine and opianic acid.

Cotarnine ^ crystallizing from hot water in

colourless prisms. Py the continued action of hot dilute nitric acid

it yields methylamine and cotarnic acid. concentrated

sulphuric acid converts it into apophyllcnic acid CgH-XO^, which

forms large colourless crystals.

Meconine Cio^^io^4 occurs also in the free state in opium, and crys-

tallizes from hot water in brilliant prisms melting at 110°. It has

the properties of an alcohol, and forms compound ethers.

Opianic Acid C^gll^gOg forms thin prisms, which are not freely
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soluble in water. It has the properties of an aldehyde, and yields on
oxidation hemipinic acid CjQllj(j(3y, wliicli is also obtained together

with meconin when opianic acid is heated with potash-solution.

Hemipinic Acid crystallizes in large four-sided prisms,

whicli melt at 180°, and sublime without decomposition. By heating

it with concentrated hydriodic acid it yields oxalic acid, methyl
iodide, and two isomeric acids

Opinic Acid crystallizes from lujt water in brilliant prisms, and
gives with ferric chloride a lilac colour.

Isopinic Acid forms small warty needles, dissolving more freely

than opinic acid, and yielding a deep-blue colour ^vith ferric chloride.

Thvha'inc CjgH2iXU.j crystallizes from dilute alcohol in plates re-

sembling benzoic acid, and from strong alcohol in thick prisms, melt-

ing at 193°. It is a strong base and a violent poison, producing tetanus.

In concentrated sulphuric acid it dissolves with a blood- red colour.

By heating it with hydrochloric acid it is converted into thehcnine

hydrochloride, crystallizing in large laminae having a bitter taste, and
consisting of C^gll.^^NOg.Cdll -f 3H2O. On adding normal sodium
sulphide to its solution, thehenine is obtained as a white fiocculent

precipitate, which rapidly oxidizes in the air. It is isomeric with
thebaine, but differs from it, by dissolving in sulphuric acid with a

splendid blue colour.

Codamine C2oIl25blO^ crystallizes from benzene in small prisms

melting at 120°, and giving with ferric chloride or concentrated

nitric acid a deep-green solution.

Laudanine C.2dH25NO^ forms small prisms melting at 1G6°
;

it gives

with concentrated nitric acid an orange-red solution, and with ferric

chloride an emerald-green colour.

Frotopine forms small prisms melting at 202°; it gives

no colour with ferric chloride, and dissolves in sulphuric acid contain-

ing ferric sulphate with a dark-violet colour.

Fapaverine C.,^H2^NO^ crystallizes from alcohol in colourless prisms,

dissolving in hot sulphuric acid with a dark-violet colour; on adding-

water to this solution brown amorphous flakes separate out, dissolving-

in alkalis with a splendid purple colour.

Nitropapaverine C.2^H2o(N02)N04 -1- PI2O is obtained by the action

of strong nitric acid on papaverine, and crystallizes in yellowish

needles. It is a base forming crystalline salts.

Meconidine C21H2.3NO4 is an amorphous mass wdiich is soluble in

caustic potash. It forms amorphous unstable salts, and dissolves in

sulphuric acid wdth an olive-green colour.

Lcmclanosine is very soluble in ether, and crystallizes

from benzene in beautiful white needles meltiiiQ- at 89°. It dissolves

in sulphuric acid containing ferric sulphate with a brownish-red

colour, which on heating first becomes green and then dark-violet.

Pdmadine C.2iH2iNO„ exists in Fcvpavcr Rhceas, and also sometimes

in opium. It is a tasteles,'; crystalline powder, and has no poisonous

properties.
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Cryptojnne crystallizes from alcohol in short, hexagonal
prisms, melting at 217°. Its salts taste bitter and cooling like pepper-
mint. In concentrated sulphuric acid it dissolves with a deep-violet
colour.

Nitrocryptopine C2iH2o(N02)N(). is produced by the action of dilute

nitric acid crystallizing from alcohol in pale-yellow plates, which are
coloured blood-red by concentrated sulphuric acid.

Lantlwpine C
23
H

25
NO^ is very sparingly soluble in alcohol, and

crystallizes from chlorolbrm in white prisms. It dissolves in concen-
trated sulphuric acid with a pale-violet colour, which turns dark-
brown on heating.

Narceine C23H2gNOy is readil}’- soluble in boiling water, and forms
colourless crystals

;
when given in a small dose it produces quiet

sleep. Iodine colours its solution blue, like starch -paste.

ALK.\LOliDS OCCURRING IN STRYCHNOS-SPECIES.

The seeds of Strychnos Nax-vomica and Strychnos Jynatnis contain

two very poisonous bases.

Strychnine 0211122^202. — The St. Ignatius-beans contain about
1’5 per cent, of this base, which, however, is generally obtained from
nux vomica. These very tough seeds are softened by boiling them
with alcohol, powdered, and exhausted with boiling dilute alcohol.

The alcohol is distilled off, and lead acetate added to the residue,

which precipitates foreign matters. The filtrate, after being freed from
lead, is concentrated, and the alkaloids precipitated with magnesia.

The precipitate, after standing for some days, is collected on a filtei’,

and exhausted with boiling alcohol. On cooling, the greater portion of

the strychnine crystallizes out; the mother-liquor is neutralized with

nitric acid and concentrated. On leaving it to stand, strychnine

nitrate crystallizes out, and is purified by recrystallization.

Strychnine crystallizes in brilliant rhombic prisms, possessing such

an intensely bitter taste that it is even perceptible in a solution

of one part of the base in one million parts of water. In water it

dissolves but sparingly, more readily in dilute alcohol, and very freely

in chloroform
;
in ether and absolute alcohol it is insoluble. It forms

soluble and crystallizable salts, having an intensely bitter taste, and
being, like the base itself, fearful poisons, producing in a small dose

tetanus and death. The antidotes are morphine, atropine, and chloral

hydrate.

The least trace of strychnine can be readily identified by moisten-

ing it with pure concentrated sulphuric acid, and adding a crystal of

potassium dichromate, when a deep-purple colour is produced, chang-

ing soon into red and yellow. Another very delicate test is to inject

a small quantity of a very dilute solution under the skin of a frog

;
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tetanic convulsions will soon set in, and, if the dose was not large

enough to kill the frog, will last for hours.

Strychnine is a monacid tertiary base
;
strychnine-methylammonium

iodide (N2(C2iH.„02)CH3l is a crystalline solid, and readily decom-
posed by treating it with silver oxide and water; the hydroxide has

not bitter taste, nor does it, or its salts, act as poison when taken in-

ternally, but when injected under the skin it produces paralysis like

curarine (see below).

On adding a solution of strychnine to alcoholic, yellow am-
monium sulphide, a precipitate is formed, consisting of orange-red

needles having the composition C01H22N2O2 -f H2S3. It is decom-
posed by dilute sulphuric acid, and hydrogen trisidphide H2S3 sepa-

rates out as a colourless oily liquid.

Brucine C23II2QN2O4 + 4H2O occurs together with strychnine in

the seeds of Strychnos Nux-vomica, and alone in the bark of this

tree {false Angostura-barh). It is prepared from the mother-liquor of

strychnine nitrate, by precipitating it with ammonia, and crystallizing

the base from alcohol. It forms colourless prisms, which lose their

water of crystallization when exposed to the air.

It is more soluble than strychnine, and has a bitter taste
;

its

poisonous properties are similar to those of strychnine, but it acts less

violently. With nitric acid it forms a red solution which becomes
yellow on heating, and when now stannous chloride is added the

liquid assumes a deep-violet colour.

When heated with sulphuric acid and manganese dioxide, it yields

methyl alcohol, and concentrated nitric acid, converts it into methyl
nitrate, oxalic acid, and cacoteline C2oH22(N02).2lSr205, a weak base,

forming yellow crystals.

Brucine is a tertiary base
;
the salts of brucine-methylammonium

act like the corresponding compounds of strychnine, but less

energetically.

Curarine is the active principle of the South American
arrow-poison, which is prepared from the milky juice of different

species of strychnos. It forms colourless crystals, having a very

bitter taste. When one milligram is injected under the skin of a

rabbit, paralysis very soon sets in, and the animal dies.

ALKALOIDS OCCURKING IN CINCHONA-BARKS.

The barks of different species of Cinchona, which are indigenous to

the eastern slopes of the Andes, and are also cultivated in India and
Java, contain a number of bases in combination with quinic acid.

The following have been isolated :

—

Quinine . . . C.,QH
24

lSr202 Cinchonidine . 0.201124^2^

Conquinine . . O20H24^202 Baytine . . . O24H24N.2O2

Quinamine . . C20H26N2O2 Paricine ... —
Cinchonine . . C20H24N2O
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The most important of these is quinine, Mhich always occurs

together with cinchonine. The yellow bark {Cinchona Calysaya) con-

tains 2 to 3 per cent, of quinine, and 0'2 to 0'3 of cinchonine
;
while

the pale hark {Cinchona Condamincct) contains about 0'8 of quinine,

and 2 of cinchonine, and the red bark {Cinchona succimbra), about
2 of quinine and 1 of cinchonine.

Quinine C
20
H.

74N2
O

2 + H^O.—For the preparation of this com-
pound the yellow or red bark is chielly used. It is treated with
very dilute hydrochloric acid, and the solution is precipitated witli

sodium carbonate. The precipitate is washed, and after being dried,

exhausted with boiling alcohol. The liquid is neutralized with

sulphuric acid, and the alcohol distilled off; from the residual liquid,

impure quinine sulphate crystallizes out, which is purified by dis-

solving it again in alcohol, adding animal charcoal to decolorize the

solution, and crystallizing the sulphate by concentrating the liquid.

Ammonia precipitates quinine as a powder, which dissolves in

900 parts of cold water, and is tolerably soluble in ether, and freely in

alcohol, crystallizing from these solutions as a powder, and from
chloroform in distinct prisms.

Quinine is a tertiary base, and forms several series of salts, those

containing one equivalent of an acid are sparingly soluble in water,

while those containing more than one equivalent are readily soluble,

and form highly fluorescent solutions, the reflected light being of a

sky-blue colour. Quinine and its salts have an intensely bitter taste.

Basic Quinine Sulphate 2(Cooll24^2^^2)''^^^4^^2 + is manu-
factured on a very large scale, and crystallizes in long brilliant

needles, which soon lose some water, and form a very light crystal-

line powder. It dissolves in 780 parts of cold water, and more readily

in alcohol, and in boiling water.

Normal Quinine Sulphate C
2o^^24^2

^^
2
-^^4^2 + flQO is obtained by

dissolving the basic salt in dilute sulphurk; acid, and forms trans-

parent four-sided prisms, which dissolve in 11 parts of cold water.

Acid Qumine Sulphate C.^^H.24N20.2.2S0^H., -f TH.^O forms soft

white prisms, and is freely soluble in water
;

its solution exhibits a

splendid fluorescence.

When the basic sulphate is dissolved in acetic acid, and a solution

of iodine is added, large thin plates separate out, consisting of

C
2oH 24

^’^
202-^^^ 4

^^ 2-^2 i
appear almost colourless by transmitted

light, but show by reflection a brilliant emerald colour. This beauti-

ful compound possesses the optical properties of turinaline, and is

used for optical experiments, under the name of Ilcrapathite.

Basic Quinine Hydrochloride C.^qH.^^N.^O^.CIH -f l^H.^O ciystallizes

in silky needles.

Normal Quinine Hydrochloride 0 .2^132417202(0111)2 does not crystallize

well, and is decomposed by water into the basic salt and free acid. By
adding platinic chloride to its solution, the double salt O

20
H.

24
I72O 2

(0111)2 + BtOQ + H.
2
O is obtained as a pale-yellow precipitate, which,

on standing, changes into orange-red crystals.
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The solutions of quinine, and its salts, turn the plane of polariza-

tion strongly to the left. Its salts dissolve in chloriue-water, forming

a colourless solution, which, on adding ammonia, assumes a deep-

emerald colour. If first potassium ferrocyanide be added, and then

ammonia, the liquid becomes deep-red.

Quinine and its salts are powerful tonics, and most useful in

intermittent fevers.

Conquinine, or Quinidinc 00011941^902 -f H2O, is contained in

different barks, chiefly in that of Cinchona 'pitaycnsis, and the yellow

barks from India. It is conveniently prepared from the mother-

liquors of quinine sulphate
;
on evaporating them, a resinous mass is

left behind, called quino'idinc, which is exhausted with ether, and
after the ether has been distilled off, tlie residual solution is dissolved

in dilute sulphuric acid. The hot liquid is neutralized with ammonia,
and precipitated with a solution of Eochelle-salt. The precipitate

containing the tartrates of conquinine, and cinchonidine is dissolved

in a large quantity of water, and the solution precipitated with
potassium iodide. The conquinine hydriodide thus obtained is

decomposed with ammonia, and the base crystallized from alcohol.

It forms large prisms, which dissolve but sparingly in water, and
give with chlorine and ammonia the quinine reactions. It is as

powerful a tonic as quinine, from which it differs by having a strong

right-handed rotatory power.

Qiiinicine C2oIl24N2^2 produced when quinine or conquinine is

heated with a little dilute sulphuric acid to 130°. It is a resinous

mass, but forms crystallizable salts, and has a feeble right-handed

rotation. It appears to exist also in the barks, and in quinoidine.

Qiiinamine C2o^^26^2^2 found, but only in a very small quantity,

in the red bark from India. It forms long, white, light prisms, and is

very sparingly soluble in cold water, a little more readily in hot

water, and freely in alcohol, and possesses right-handed rotatory

power.

Cinchonine C.2QH.2^iSr20.—This base is readily separated from
quinine, as it is almost insoluble in water, and ether, and only

sparingly soluble in alcohol, one part requiring 30 parts of boiling

alcohol. It crystallizes in brilliant needles, and forms salts resem-

bling those of quinine, but being more soluble in water and alcohol.

It turns the plane of polarization strongly to the right, and yields

with chlorine-water and ammonia a yellowish precipitate. It is not

used in medicine, as it has only feeble tonic properties.

Oxycinchonine 09.21123(011)^20.—This isomeride of quinine is

formed by treating cinchonine with cold bromine, and acting on the

monobromocinchonine thus formed with caustic potash
;

it is a

crystalline substance, which is insoluble in ether and water.

Cinchonidine €201124^20 occurs in different barks, and in quinoidine,

and differs from cinchonine chietly by its strong left-handed rotatory

})Ower.

Cinchonicinc C20H24N2O is obtained by heating its isomerides with a
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little sulphuric acid
;
the base as well as its salts are very similar in

its properties to quinicine, and its salts.

Faytine C2iH2^N202 + been found in a white bark from
Payta

;
it forms white needles or prisms, and possesses left-handed

polarization. By adding bleaching-powder to its acid solution, it

colours first red, and then blue, but the colour very soon disappears.

Faricine occurs in the red barks from India, and in other barks. It

is yellowish-white powder, which readily dissolves in ether and
alcohol

;
its composition is not known.

ALKALOIDS OCCURRING IN CHELIDONIUM MAJUS.

The common celandine contain two bases.

Chelerythrine C^gll^^NO^ exists also in the root of Sanyuinaria
canadensis and in Glauceum luteiim. It crystallizes from alcohol in

warty masses, possessing a very acrid taste
;

it is poisonous, and its

dust produces violent sneezing. Its salts have a red colour, and give

with water an orange-red solution.

Chclidonine -f HgO crystallizes from alcohol in glisten-

ing plates, having a bitter taste
;

it is not poisonous, and forms

colourless salts.

ALKALOIDS OCCURRING IN VKRATRUM.

Veratrine Cg2Hg2N20g exists in the seeds of Vcrairum Sabadilla

and in the root of Veratrum alburn. It is almost insoluble in water,

but dissolves in ether, and alcohol, and crystallizes in white prisms,

melting at 115°, and solidifying again to a resinous mass. Yeratriii

is a most violent poison, and its dust produces violent sneezing.

AVith concentrated sulphuric acid it forms a yellow solution which
gradually becomes blood-red.

Jei'vine CggH^^NgOg occurs only in Vcratnim album, and forms

colourless prisms
;

its salts are much less soluble than those of

veratrine.

ALKALOIDS OCCURRING IN BERBERIS VULGARIS.

Berberinc C
2
gH^-N0

^ + 5II2O exists in the root of this shrub, and

also in the roots of Cocculns palmatus and Hydrastis canadensis. It

is soluble in water and alcohol, and crystallizes in yellow needles,

possessing, as well as its yellow salts, an intensely bitter taste.

By the action of zinc and dilute sulphuric acid, it is converted into
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Jiydroberbcrine C.2oH.^3^]Sr04, wliich separates from air alcoholic solution

in very Lrilliant, colourless crystals,

Oxyacanthine occurs in the root of berberis, and crystallizes from
alcohol in colourless prisms, which, when exposed to the sunshine,

assume a yellow tint
;

its composition is not known.

BEBEEHIXK

This base is found in the bark of the bebeero, or greenhart-tree

of British Guiana {Kectandra JRodiei) and of Geoffroya jamaic.cnsis,

and in the trunk and roots of Cissampelos Fareira, and in Ftixv.s

sempervivens. It is a colourless amorphous powder, and insoluble in

water, but dissolves in alcohol
;

its solution has a very bitter taste,

and an alkaline reaction. Bebeerine sulphate 2(CjgH2iNOg)SO^H2 is

sometimes used as a substitute for quinine.

PIPERINE X
S

•

This weak base exists in different kinds of pepper, and is prepared

by exhausting white pepper with alcohol and evaporating the solu-

• tion
;

the residue is dissolved in alcoholic potash, and the impure
piperine, which, on concentrating this solution, crystallizes out, is

purified by recrystallization from alcohol.

Piperine forms colourless, tasteless, and inodorous prisms
;

its

alcoholic solution possesses a sharp peppery taste, and a neutral

reaction.

On boiling with alcoholic potash it is resolved into piperidine

C-H„N, and piperic acid
“

f C II
"

•

Piperidine N < i'’ is a colourless liquid, which is soluble in

water, and boils at 106°
;

it has a pungent and caustic taste, and an
ammoniacal and peppery smell. It is a powerful base, forming

cry.stallizable salts. AYhen treated with benzoyl chloride it is con-

f C H
verted into benzoyl-piperidine N

|
is a compound corre-

sponding to piperine.

Piperic Acid Cj
2lTio04 is a monobasic acid, crystallizing from hot

alcohol in long needles, melting at 210°. Xascent hydrogen convert.^

it into hydro2npcric acid CjgHiQG^, which consists of needles, melting

at 64°.

By adding potassium permanganate to a solution of potassium

piperate, piperoncddeliydc is formed :

—

C
C12H10O4 + = CgHgOg -t- C2H2O4 + 200, + H.O

I T
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Piperoncddehyde CgllgOg crystallizes from water in transparent,

brilliant prisms, melting at 263°, and smelling like ciimarin
;

it

combines like other aldehydes with the acid sulphites of the alkali-

metals.

Pipero7iyl Alcohol CgHgOg is produced by the action of sodium-
amalgam and water on the aldehyde, and forms colourless crystals,

melting at 51°.

Pipcronic Acid CgHgO^ is produced by the further action of

potassium permanganate on the aldehyde. It crystallizes in long

needles, melting at 228°. When it is heated with dilute hydrochloric

acid to 170°, it is resolved into finely divided carbon, and protocatechuic

acid. Phosphorus pentachloride converts it into dichloropiperonyl

chloride C7H3CI2O2.COCI, which yields with water dichloropiperonic

acid
;
and the latter, when boiled with water, is resolved into carbon

dioxide, hydrochloric acid, and protocatechuic acid.

On the other hand, by heating protocatechuic acid with potash, and
methene di-iodide (di-iodomethane), it is converted into piperonic

acid. These reactions prove that the piperonyl compounds are con-

stituted as follows :

—

Piperonyl AlcohoL

CeH,j
i CH2.OH

Piperonic Acid.

g>CH,

CO.OH
CcH3

Piperonaldehyde.

OgHg
i

0/'
(COH

Dichloropiperonic Acid.

C.Hg

SINAPINE CigH23X05.

This base exists as sulphocyanate in the seed of white mustard.

To obtain this salt the crushed seed, which has been freed from the

fatty oil by pressing, is exhausted with alcohol
;

it is a light crystal-

line powder, consisting of needles. The free sinapine is not known
;

on boiling one of its salts with water, the base is resolved into choline

and bibasic sinapic acid 0^^11^205, crystallizing from hot water in

colourless prisms. This decomposition is explained by the following

equation :

—

N C2H,0.C0 I

(CH,)30.C0 j

C„H,„0 + 2H,0 = N
I

Choline.

(0113)3011
+

Sinapic Ackl.

HO.CO
)

110.00
)

IioO
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ATEOPINE

This powerful poison exists in the deadly nightshade {Atropa

Belladonna), and in the thornapple {Datura Stramonium). To
prepare it the expressed juice of the flowering belladonna is heated

to 90'", filtered, and the liquid, after addition of potash, shaken with

chloroform. The impure atropine, which is left behind by distilling

the chloroform off, is crystallized from alcohol. It forms prisms, having

a nauseous bitter and burning taste, and imparting a dry sensation to

the mouth with constriction of the throat. In a very small dose it

produces headache, and dilates the pupil powerfully.

When heated with baryta-water it is resolved into tropic acid

(page 394), and tropine CgHj^^XO, a base crystallizing in needles:

—

Tq f ^8^14^ 4- IT O — N" J
1 C0(C,H30H)C,H,

+ "
I

H0.CC)(C2H3.0H)C6H5

OgH,,0
^

COCAINE C17H21XO4.

This compound is the active principle of the coca-leaves {Ery-

throxylon Coca), which are used as a stimulant in Peru. It crystal-

lizes from alcohol in monoclinic prisms. When heated with hydro-

chloric acid, it is resolved into methyl alcohol, benzoic acid, and
ecgoninc a base crystallizing from water in glistening

prisms :

—

CH3I0
-b 2H

2
O = CII8.0H + + C8H,.CO.OH

CeH,.00
i

^

PIIYSOSTIGMINE OR ESERINE C^gll.^^XgOg.

This base is found in the Calabar-bean {Physostigma venosum). It

is a crystalline body, which is sparingly soluble in water, and freely

in alcohol, and has a strongly alkaline reaction. It is a violent

poison, and produces a powerful contraction of the pupil.

HYOSCYAMINE C^gllggXOg.

The poisonous principle of the henbane [Ilyoscyamus niger) forms

colourless thin prisms, which in the pure state are odourless, but,

] I 2
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M’lieii impure possess a nauseous smell. It dilates the pupil like

atropine.

r>y boilino- it with baryta-water it is resolved into hyoscinic acid

Cgllj^Og, and a powerful crystalline base called hyoscine

ACONITINE

This most violent poison exists in the purple monkshood {Acomium
Napdlus)

;
it forms rhombic plates, having a sharp and pungent taste.

COLCHICINE C^-lTigNO-

is a weak base occurring in Colchicum cmtumnalc, and forms an
amorphous powder, possessing a very acrid taste, and producing, in a

small dose, vomiting and diarrhoea. On heating it with dilute acids,

it is converted into the isomeric colchiccinc, which is a weak acid,

crystallizing in needles.

EMETINE

The active principle of Ipccacuanka is a light greyish powder,
having a bitter taste, and producing, in a small dose, speedy
vomiting.

HAUMALINE 14N.3O.

This body is extracted by acetic acid from the seeds of Pcycnium

ITarmala—a plant indigenous to the steppes of Southern Eussia

—

and which are used in dyeing. Harmaline crystallizes in rhombic
octahedrons, and forms salts having a yellow colour.

Harmine 0431-1^2X20 is obtained by oxidizing harmaline and is

also contained in the seeds
;

it is a base, and forms colourless

prisms.

SOLANINE 0,olI-,N0,p.
‘io i 1 It)

This compound is a v'eak base which is found in different species

of solanum, and chiefly in Solannm nigrum, and in the shoots of

potatoes which have been kept in a cellar during winter. It is

poisonous, and crystallizes in silky needles.
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Solanidine 02511^^X0.—Solnnine is a glucoside, and i-esoivod Ijv
boiling dilute hydrochloric acid into glucose and solanidine :

+ ‘3H,0 =

bolanidine is a strong base, and crystallizes IVoin alcohol in long
silky needles.

Besides these alkaloids there exists a large number of others,

which, however, have been but imperfectly studied, and are not of
much importance. Of these the following may be mentioned :

—

Corydcdine occurs in the roots of dilferent species of
(Jonjdalis, and forms colourless crystals, possessing a bitter taste and
strongly alkaline reaction.

Cytisine C24H27N3O is found in the seeds of Cytisus Labwnmm,
and forms colourless crystals having a caustic and bitter taste, and
kn alkaline reaction.

Delphinine 02,^1135X02 is a yellow powder possessing an unbearable
acrid taste, and occurring in the seeds of Delphinium hytajjhisayria.

Lyeine C5HJ-NO2 is found in the leaves of Lycium harbarum, and
forms a crystalline deliquescent mass, having a neutral reaction and a
pungent taste.

Menispermine is a base existing in the seeds of Mcnispcrmurn
Coeeulus; it forms colourless prisms, and appears not to be poisonous

;

the poisonous principle of the seeds being picrotoxin (page 487).

(.-'OLOUPJNG AND BITTED PBTNCTPLES.

There exist, chiefly in the vegetable kingdom, a large number of

definite compounds which are neither glucosides nor alkaloids, and
are distinguished by characteristic colours, or a bitter or sharp taste.

The following are the more important ones of this not well defined

group.

Addin Cj-HjgO- is the active principle of aloes, from which it may
be extracted by cold water. On evaporating the solution in menu,
and leaving it to stand, small pale yellow needles are obtained, which
are not freely soluble in water and alcohol. It has a sweeti.sh-bitter

taste, and a nauseous smell
;
when heated it melts, and solidifies on

cooling to a brown resinous mass.

Cold fuming nitric acid converts it into oxalic acid, picric acid,

chrysammic acid, and aloetie acid C^,jH^(X02)40.,, a yellowish-red

crystalline powder, forming red salts, and yielding chrysammic acid

by protracted boiling with nitric acid;

Athamanthin C24H3QO7 is a constituent of the unripe seeds and

root of Athainanta Orcosclinum, and consists of colourless prisms,

possessing a rancid smell, and a bitter and acrid taste. It foims
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definite compounds with sulphur dioxide and hydrochloric acid
;
the

latter is resolved by the action of heat into valerianic acid and
oreoselon a crystalline body which is soluble in alcohol and
alkalis. Boiling hydrochloric acid converts it into oreosdin

which is also soluble in alkalis and alcohol, and crystallizes in

slender needles.

By treating athamantin with nitric acid it yields a yellow jDOwder

of trinitro-athamantin 0241127(^02)307, which is insoluble in water.

Feucedanin C.,4H240(. exists in the roots of Peucedaniim officinale

and Imperatorium Ohstridhium, and crystallizes from alcohol in

brilliant prisms. On boiling with alcoholic potash it is i-esolved into

anfjdic acid and oreosdin.

fd;H;o): ]

= 2CJI3O,

+

Concentrated nitric acid converts it into dinitropeucedanin

024X122(^02)20^, which forms colourless flexible plates.

Laserpitin 024Ho(.07 is contained in Laserpiiium millefolmm, and is

insoluble in water, but dissolves in alcohol
;

it forms brilliant prisms,

melting at 114°, and subliming without decomj)Osition. By the

action of alcoholic potash it is resolved into angelic acid and
amorphous laserol O44H22O4.

Cantharidin C5H(.02 is the active princij)le of the Spanish fly, from
which it can be extracted by ether. It crystallizes in colourless,

tasteless and inodorous plates, melting at 250 °, and subliming without

decomposition. It dissolves in boiling potash, forming the salt

O5II7KO3, which is decomposed by acids with the formation of

cantharidin and water.

Carotin C4gH,40 is found deposited as small crystals in the cells

of the carrot, and crystallizes from alcohol in small reddish-brown

crystals possessing a fragrant odour.

Hydrocaroiin C4gll3oO is also found in carrots
;

it crystallizes from

ether in large, colourless, rhombic plates.

Chlorophyll is the name given to the green colouring matter of

leaves
;

it is soluble in alcohol, ether and liydrocliloric acid. Its

composition is not known
;

it contains no nitrogen, but iron appears

to be an essential constituent.

Colomhin C24H22fl7 exists together with berberin in calumba-root,

and forms colourless crystals, having a bitter taste.

Cufcumin CjolIj^Og is the colouring matter of turmeric; it is

insoluble in cold water, and dissolves sparingly in boiling water,

freely in alcohol
;
the solution exhibits a green fluorescence. It

forms brilliant yellow crystals
;
nitric acid oxidises it to oxalic acid.

Fiosocyanin.—When turmeric paper is moistened with solution of

boric acid, it assumes, on drying, an orange colour, which by alkalis is

changed into a pure blue, turning soon into grey. This reaction is

caused bv the formation of a peculiar compound of unknown com-

position.' called rosoevnnin. It is prennred bv boiling an nlcnlmbc
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solution of curcumiii with boric acid and strong sulphuric acid.

Eosocyauin forms slender needles, having a green-metallic lustre,

and dissolving in alcohol with a splendid red colour, which on adding

a drop of soda changes into a deep-blue, and wdien exposed to the

air turns grey. Lime and baryta-water give with the alcoholic

solution fine blue precipitates.

Helenin occurs in the root of Inula Ilelenium, and
crystallizes in colourless four-sided prisms, which are soluble in

alcohol. When heated with phosphorus pentoxide it is resolved into

water, carbon dioxide and liquid Helenene C^gllgg.

Ivaln is found in Iva (Achillea moschata) a plant growing
in the High-Alps. It is a yellow semifluid resinous mass, having
an intensely bitter taste.

Ivaol is the volatile oil of Iva, and possesses a very

agreeable aromatic odour, and bitter and warming taste. Besides

these compounds Iva contains Moschatin Cg^^IIg-NO^ and
AcMlhin C2oH3g]Sr20^g, which is also found in Achillea millefolium

and forms an amorphous powder. When boiled with dilute acids

it yields ammonia, a volatile body having a fragrant smell, and
achilletin a brown substance having an aromatic but

not bitter taste.

Picrotoxin C^gHj^Og is the poisonous principle contained in the

seeds of Menisperums Coceulus and prepared by exhausting them with
alcohol, and crystallizing the impure picrotoxin from hot water. It

forms tufts of colourless needles, having an intensely bitter taste.

Quassiin is contained in the quassia-wood {Picraena

excelsa) from Jamaica, and forms thin colourless crystals, which are

sparingly soluble in water, freely in alcohol, and possess a very bitter

taste.

Santonin C^gH^gOg occurs in Semen-contra or worm-seed, which con-

sists of the unexpanded flower-heads of Artemisia Santonica. To
prepare it, worm-seed is boiled with milk of lime, and the solution

precipitated with hydrochloric acid. It crystallizes from alcohol in

colourless, flat, six-sided prisms, having a faint bitter taste; when
exposed to sunshine the crystals become yellow. Santonin is a

weak acid
;

the sodium salt 2 (C^gH^.,]Sra03) + flHgO crystallizes in

colourless, translucent plates, and is decomposed by boiling water.

Santonin is used as an anthelminic.

Taracin is the red colouring matter contained in feathers of the

wing of the Turaeo or plantain -eater, from which it' may be extracted

by dilute potash. Its composition is not known, but it differs from
all other red colouring matters by containing 5'9 per cent, of copper

;

the presence of this metal can easily be shown by the green colour,

which the feathers impart to the colourless gas-flame
;

the green

feathers of this bird do not contain copper.
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('OML’jaXDS CJXrAlXED IN BILE AND OTilEB SECRETIONS.

Bile contains a number of peculiai compounds, some of tliem

occuring also in otlier parts of the animal organism.

Glycocliolic Acid C.2ylI^.jNOg is conveniently prepared by evaporating

fresh ox-bile on a water bath nearly to dryness, exhausting the residue

with alcohol of 90 per cent., evaporating the solution, and heating

with milk of lime to precipitate the colouring matter. On adding

dilute sulphuric acid to the cold filtrate and leaving it to stand,

glycocliolic acid crystallizes out, which is purified by pressing it

between filter-paper, dissolving the residue in lime-water, and
precipitating the acid with dilute sulphuric acid.

It crystallizes in white needles, having a bitterish sweet taste. In

concentrated sulphuric acid it dissolves, forming a colourless licpiid,

which on adding a solution of sugar becomes violet.

When glycocliolic acid is boiled with dilute acids, or alkalis, it is

resolved into glycocoll or amidacetic acid, and cholic acid

which crystallizes from alcohol in brilliant octahedrons. By protracted

boiling with acids it is converted into chjslysin C.,^H3gOg, an amorph-
ous, neutral substance, which is reconverted into cholic acid by the

action of caustic potash.

Taurocholic Acid is prepared by dissolving fresh

ox-bile in water and precipitating glycocliolic acid, colouring matters

and other substances with lead acetate. To the filtrate a little basic

lead acetate is added, which removes the remainder of the glycocliolic

acid, and then the clear solution is precipitated by adding some more
lead acetate and ammonia. The lead taiirocholate is decomposed by
hydrogen sulphide, and thus the free acid is obtained, crystallizing in

fine silky needles. By heating it with water it is resolved into

cholic acid and taurine (page 192 ).

Human bile contains principally glycocliolic acid, and only a small

quantity of taurocholic acid, which occurs alone in the bile of

the dog.

Ilyoglycocholic Acid C.^-H^gXOg and hyotaurocholic acid 0271145X80^

exist in the bile of the pig and have been resolved into gycocoll,

or taurine and hyocholic acid O05II40O4, a compound resembling

cholic acid.

Chenotanrochol ic Acid C„gH4(,XSOg is homologous with liyotauro-

cholic acid, and occurs in the bile of the goose
;

it yields, as products

of decomposition, taurine and chcnocholic acid C2-H44O4.

Lithofellic Acid C
2oH3 (j

04 forms the chief constituent of the once

celebrated “ oriental bezoar-stones,’’ which are said to be biliary .

calculi from a species of antelope. It crystallizes from alcohol in

small transparent six-sided prisms, which with sulphur acid and

sugar give the same reaction as glycocliolic acid.
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Choledcriii + Jr.,0 is ibund in tlie bile, the bvaiii and
nerves, in blood and the yolk of eggs, and forms the chief constituent

of biliary calculi
;

it has also been found in plants. From alcohol it

crystallizes in small, brilliant plates, and from ether-alcohol in

beautiful large plates, which are tasteless, and colourless, and melt
at 145 °, and sublime when more strongly heated,

Cholesterin is a monad alcohol, and apparently homologous with
ciunyl alcohol.

Ckolcstenjl Chloride C2QII43CI is produced by heating cholesterin

M'ith strong hydrochloric acid and crystallizes in colourless needles.

Chohsterylami inc Co(jH43.NH.,is obtained by heating the chloride with
alcoholic ammonia. It crystallizes in small iridescent plates, melting

at 104°, and exhibiting in the liquid state a fine bluisli violet

lluorescence.

Cholestcryl Acetate C.,q II43O.C0II3O is formed by heating cholesterin

with acetyl chloride, and crystallizes from hot alcohol in small

needles, melting at 92 °.

Cholesteryl Benzoate C.2gH430.C7ll50 is produced by heating

cholesterine with benzoic acid in sealed tubes to 200 °. It crystal-

lizes from ether in small, thick, rectangular plates, melting at 125 °.

Oxycliolic Acid is obtained by oxidizing cholesterin with

a dilute solution of chromic'acid. It is an amorphous mass, having
a bitterish-sweet taste.

Isocholesterin C.,qII440 is found together with cholesterin and fatty

acids in suint. It crystallizes from ether in slender, transparent

needles, melting at 137°.

Isocholesteryl Benzoate 02^11430.071130 crystallizes from acetone in

tufts of brilliant needles, and from ether in microscopic needles.

Bilirubin 043414311203 exists in small quantity in the bile of different

animals, and in larger quantity combined with calcium in certain

biliary calculi, and is best obtained from those of the ox. It is

insoluble in water, sparingly soluble in alcohol and ether, freely in

chloroform, and forms dark-red crystals. In alkalis it dissolves with

a dark-orange colour
;
the salts of other metals produce dark-brown

precipitates in this solution.

Biliverdin 045412011205.—AVhen an alkaline solution of bilirubin is

exposed to the air it turns green, and on addition of an acid a green

precipitate is formed, crystallizing from glacial acetic acid in green

rhombic plates.

Hydrohiliruhin or Urobilin C324I40N4O7 is produced by the action

of sodium-amalgam, and water on bilirubin, and biliverdin, and
exists also in urine, chiefly in the dark-coloured one of fever-patients.

It dissolves in alcohol and chloroform with a yellowish-red colour,

and in alkalis with a brown colour. By adding a little zinc sulphate

to its ammoniacal solution the liquid assumes a red colour, and
exhibits a green fluorescence.

Bilifusein 04511254120^ is an almost black, glistening, brittle mass,
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dissolving in alkalis and alcohol with a brown colour
;

it is found in

small quantity in biliary calculi.

Biliprasin Cj(5H2o^206 occurs in biliary calculi, and in the ox-bile.

It is a dark-green powder, insoluble in water, and dissolving in

alcohol with a green coloiir, and in alkalis with a brown colour.

When nitric acid containing a little nitrous acid is added to an
alkaline solution of any of these colouring matters of bile, the liquid

first assumes a yellow colour, changing successively into green, blue,

violet, red, and finally again into yellow.

Bilikumin is a dark brown substance existing in all biliary

calculi, and which is also the final jiroduct produced by exposing an
alkaline solution of the other colouring inatters of bile to the air.

Cystine C3H7NSO.2 occurs in the form of calculi or sediment in the

bladder. On dissolving it in ammonia, and allowing the solution to

evaporate, it is obtained in small, colourless, six-sided plates. On
heating it with soda-solution it yields sodium sulphide, and when
treated with zinc and hydrochloric acid it gives off hydrogen sulphide.

It has probably the following constitution :—C2H3(SH)(Nll2)C02H.
Kynurenic Acid C2oH24lSr20(5 exists in the urine of the dog, and

forms, in the pure state, silver-white glistening needles containing 2

molecules of water
;

it is insoluble in water, but dissolves in con-

centrated acids. Barium Kynurenate C2oH22BaN20g -f SHgO is

sparingly soluble in water and crystallizes in glistening compact
needles.

When kynurenic acid is heated to 265° it melts, giving off carbon
dioxide, and being converted into Kynurine C2gH24N202, crystallizing

from warm water in beautiful transparent prisms, melting at 210°.

The hydrochloride C^gH24N202(ClH)2 -f 2H.2O forms colourless

needles, and yields, with platinic chloride, the compound C2gHj4N202
(C1H)2 PtCl^, existing in beautiful crystals.

Lithuric Acid C^^H^gNOg.—A peculiar kind of calculi, which are

voided with the urine by oxen fed on the stalks of Indian corn in

Toskana, consist of the magnesium salt of this acid (C25H2gXOg)2lMg
;

it crystallizes from boiling water in small monoclinic, transparent

prisms, which on heating decompose, giving oft' the smell of burnt

sugar. The free acid crystallizes from hot water in fine, silky, white

needles, melting at 205°.

Excrctin CggHggO is contained in human fteces, and crystallizes

from hot alcohol in small needles. By the action of bromine it is

converted into dibromcxcrctin C2gIl34Br20, crystallizing from ether-

alcohol in hard, globular masses.
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ALBUMINOIDS OR PROTEIDS.

These important compounds form the chief parts of the solid con-

stituents of blood, muscles, glands, and other organs, and occur

also ill plants, principally in the seeds. Their constitution is com-
pletely hidden in darkness

;
from the results of their ultimate

analysis no formula can be calculated, on account of their high
molecular weight, which, however, is not known, as they do not form
definite compounds with other bodies, and are neither volatile nor

crystalline. It is not even known whether some of them are pure

compounds or only mixtures. They have all a very similar composi-
tion, and contain in 100 parts :

—

52—54 parts of

7—7-3 „
13—16
21—26 „

1—1-6 ..

Carbon
Hydrogen
H itrogen

Oxygen
Sulphur

They also always contain a small quantity of calcium phosphate.

Most proteids exist in a soluble and an insoluble modification.

An aqueous solution of the soluble bodies dries up to a gum-like

mass, and is precipitated by different agents, the insoluble modifica-

tion separating out as amorphous white flakes, or curds.

They all dissolve in glacial acetic acid, in a strong solution of

phosphoric acid, in concentrated hydrochloric acid, and in alkalis.

When the acetic acid solution is diluted with much water it yields

precipitates with potassium ferrocyanide, ferricyanide and platino-

cyanide. On boiling them with hydrochloride acid in contact with

the air, the solution assumes a blue colour, changing gradually into

violet and brown. When their alkaline solution is boiled, a part of

the sulphur is eliminated in the form of an alkaline sulphide. On
heating a proteid with a solution of mercurous nitrate containing

nitrous acid, it assumes a fine red colour, and a similar colour is pro-

duced by the joint action of a solution of sugar and sulphuric

acid.

When exposed to the air in the moist state, they rapidly undergo

putrefaction, the products consisting of ammonia, ammonium sulphide,

carhon dioxide, volatile fatty acids, lactic acid, amines, leucine and

tyrosine.

The two latter bodies are also produced by boiling a proteid with

dilute sulphuric acid.

Chromic acid-solution oxidizes them to fatty aldehydes, acids and

nitriles and hcnzaldcliydc and hnizoic acid.

On beating them with vatei- and bromine under pressure they are

resolved into carhon dioxide, hromoform . hromnertic acid, oxalic acid,
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<(!>jxcrUc acid, Jcucinc, Icucimide, hromanil, and cwildotrihromobeazoic

acid.

When heated \\ ith hydrochloric acid and stannous chloride, they

undergo a very simple decomposition, being resolved into ammonia,
afiyartic acid, glutamic acid, leucine and tyrosine.

Serum-Albumin exists in the blood of vertebrate animals, in chyle

and lymph, &c., and in small quantity also in milk. In diseases of

the kidneys it appears in considerable quantity in urine.

It is prepared by diluting blood-serum with a little water, and
adding carefully acetic acid, to precipitate other proteids. The
tiltrate is evaporated at a temperature not exceeding 40°, and thus

an amorphous mass is obtained, giving with cold water a clear

solution.

AVhen a solution of albumin is heated to 72° it coagulates to a

compact mass. The presence of acids or salts raises the temperature
of coagulation, whilst alkalis lower it. On adding hydrochloric acid

to a solution of albumin, a precipitate is formed vdnch dissolves in an
excess of the acid.

Egg-Albumin is contained in the white of the egg, and differs from
serum-albumin by being almost insoluble in nitric acid, and being
gradually precipitated when its solution is shaken with ether. It is

also precipitated by hydrochloric acid, but dissolves only with difficulty

in an excess.

The two albumins possess right-handed rotatory power
;

that of

egg-albumin being less powerful than that of the other.

Vegetable Albumin exists in almost every vegetable juice, and
coagulates when its solution is heated

;
it has not been obtained pure,

and is therefore only imperfectly known.
Casein is found in milk and the yolk of eggs, and obtained in a

pure state by adding dilute sulphuric acid to milk, from which the

cream has been removed, and digesting the curdy precipitate witli

water and lead carbonate. The solution thus formed is treated with
hydrogen sulphide, and the filtrate evaporated at a low temperature.

Casein is insoluble in pure water, but dissolves if a trace of an
acid or alkali be present. This solution is precipitated by ^acids, a

compound of casein with the acid being formed. A solution of casein

is also preci|:)itated by adding some “ rennet ” to it, and heating to

about 53°, but not by heat alone.

Vegetable Casein or Legumin exists in many seeds such as peas,

beans, vetches, &c., from which it is obtained by softening them with
warm water, and triturating them into a pulp, which is pressed

through a sieve. On standing, the liquid deposits starch
;
the clear

solution is then decanted and precipitated with acetic acid. Legumin
has great resemblance with milk-casein.

Conglntin is a proteid existing in almonds and lupine-seeds. It is

a white powder, which is sparingly soluble in water, and freeh* in

dilute alkalis and in acetic acid. Acids preeij^itate it from the

alkaline solution as a very adhesive mass, drying up to a glassy
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substance. It is tlie best material lur the preparation of gluiamic

acid (see page 233).

Blood-Fibrin is dissolved in the blood, but coagulates as soon as

the blood leaves the living organism, and forms, together with the

red blood-globules, the blood-coagulum. But if blood be run from

the veins into a concentrated solution of glauber-salt, the fibrin

remains in solution, from which, after filtration, it is precipitated by
adding common salt.

Muscle-Fibrin or Myosin .—To obtain this body, finely chopped
meat is exhausted with cold water, and the residue triturated with a

solution containing not more than 10 per cent, of common salt. The
mucilagenous solution thus obtained is precipitated by adding more
salt, myosin being only soluble in a dilute solution of salt, but

neither in a concentrated one nor in pure water.

Globulin is contained in blood-serum, and obtained as a granular

precipitate by diluting the serum with ten parts of water, and passing

a rapid current of carbon dioxide through the solution. It dissolves

in very dilute salt-solutions, and in water containing a trace of an

acid or alkali, but becomes insoluble when heated with water to 70°.

Vitellin occurs in the yolk of eggs, and is obtained by treating the

yolk with ether to remove fats and the colouring matter
;

it is a

white granular powder, which is soluble in salt solutions. It has

great resemblance with myosin, from which it differs by not being

precipitated by saturating the solution with salt.

Syntonin is produced by the action of weak hydrochloric acid on

myosin or that of strong acid on any other proteid. "When the

solution thus formed is diluted with water, syntonin is precipitated

in combination with the acid. \Vhen this compound is decomposed

by a dilute solution of sodium carbonate, syntonin goes in solution.

It is insoluble in water, but dissolves in acids and in alkaline

carbonates.

Vegetable Fibrin .—When wheaten flour is made into a paste with

water, and this is tied up into a cloth and washed with water as

long as starch passes through, an adhesive, elastic substance is left

behind, which is called gluten, and consists of a mixture of vegetable

fibrin and gliadin. They are separated by dissolving the gliadin in

alcohol and treating the residual fibrin with ether to remove fat.

Vegetable fibrin is a soft, elastic mass, dissolving in very weak acids,

and alkalis, from which it is precipitated by salts.

Gliadin or Vegetable Glue is an adhesive substance, which dries up
to a horny, translucent mass, resembling glue. It is insoluble in

water, but dissolves in alcohol, acetic acid and dilute alkalis.

Hannacjlobin forms the principal part of the red blood-globules.

It is soluble in water
;
when alcohol is added to this solution, and

tlie liquid is left to stand at a temperature below 0°, limmaglobin

separates out in the crystalline state, the form of the crystals varying

with the animals. After being dried over sulphuric acid at a

temperature not above 0°, it forms a brick-red powder.
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Ha3maglobin combines with many gases, forming peculiar unstable

compounds. Thus it absorbs oxygen, and assumes a bright-red

colour (arterial blood), AVhen carbon monoxide is passed through
this solution tlie oxygen is given off, and the haemnglobin combines
with the carbon monoxide, which again may be replaced by nitrogen

dioxide. It also combines with acetylene and hydrochloric acid.

Arterial blood, or a solution, htemaglobin saturated wdth oxygen
gives an absorption spectrum containing two dark bands (Fig. 15,

B B n 6 T' o

Fig. 15.

No. 1), which, on saturating the liquid with carbon dioxide (venous

blood), are replaced by a single band as seen in No. 2. On shaking

venous blood with air the two original bands make their appearance

again.

Haemaglobin contains in 100 parts :

—

Carbon .... . . 54-2

Hydrogen , . . . .
7-2

Nitrogen . . . . .
16-0

Oxygen .... . .
21-5

Sulphur .... , .
0-7

Iron ..... . .
0-4

100-0

Hccmatin Cg^HggN^Oj^Fe is produced, together with a proteid,

when hsemaglobin is treated with acids or alkalis. It is an amorpli-

ous bluish-black mass, having a metallic lustre, and dissolving in

alkalis, but not in alcohol and water. It is also capable of yielding

two absorption-spectra by the action of oxygen and carbon dioxide

;

these bands are seen in Fig. 15, Nos. 3 and 4.
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Its alkaline solution may be boiled without being changed.

Sulphuric acid dissolves haematin, and on adding water, the com-
pound IS prccipitatcd

;
it is an amorphous mass resembling

haematin.

Hcematin Hydrochloride or Hccinine (C
3
^H

3
glSr405Fe) 2

(HCl)3 is pro-

duced by heating haemaglobin with glacial acetic acid, and common
salt. It crystallizes in thin rhombic plates, possessing a brownish-

red colour, and bluish-red reflection. Alkalis decompose it into

haematin and hydrochloric acid.

The formation of these blood-crystals is made use of as a test for

detecting blood-spots in criminal cases.

Mucin is contained in the secretions of the mucous membranes
and is conveniently prepared by precipitating filtered ox-bile with

alcohol, dissolving the precipitate in water, and precipitating again

with acetic acid. It sw^ells up in a little water, and dissolves in a

large quantity
;

its solution does not coagulate on heating. Mucin
contains : carbon 52'2, hydrogen 7'0, nitrogen 12’6, oxygen 28'2.

Keratrin.—This name is given to the residual mass, which is

obtained by exhausting epidermis, nails, claws, hoofs, hair, wool,

whale-bone, &c., with ether, alcohol and a dilute acid. It dissolves

in potash with the formation of ammonia and potassium sulphide,

and acids produce in this solution a gelatinous precipitate. "When
the substances above mentioned are boiled with dilute sulphuric acid,

they yield tyrosine and leucine, and nitric acid imparts to them a

yellow colour. The composition of keratrin does not differ much
from that of the proteids, but it contains more sulphur :

—

Percentage of

Human-hair . . .

Sulphur.

. 4—5
Human-nails . . . .

2-8

Epidermis .... .
0-7

Wool .
2—3-5

Horse-hoofs .. . . .
4-2

Whale-bone . . . .
3-5

Tortoise-shell . . . .
2-0

Elastin is a substance resembling keratrin, and is contained in the

ligamentum nuchae of cattle. It is in the moist state extensible, but

becomes brittle after drying. Its alkaline solution is not precipitated

by acids. A similar substance has been found in the egg of the

common snake.

GEL.mN AND CHONDJRIN.

These two compounds do not pre-exist in the animal organism,

but are produced by the action of boiling water on certain tissues.

Gelatin is obtained by boiling bones, tendons, skin, bladder, &c..
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with water. The pure compound, as seen in isinglass, is a colourless,

glassy, brittle mass, while glue is more or less coloured. It softens

in cold water, and is converted into a gelatinous mass, and with
boiling water it forms a thick, viscid solution which, on cooling

again, solidifies to a jelly. When a little nitric acid is added to a hot

solution of gelatine it remains liquid in the cold.

Its solution is precipitated by tannin, even if very dilute, a
white curdy mass separating out. The tissues yielding gelatine also

combine with tannin
;
thus, on placing a piece of bladder or skin

into a solution of tannin, the latter is completely removed and leather

is formed.

AVhen gelatin is submitted to dry distillation it yields ammonium
carbonate, ammonium sulphide, ammonium cyanide, amines, pyridine

bases, pyrrol, and other compounds, and when it is boiled with dilute

sulphuric acid it yields, among other products, glycocoll and
leucine.

The composition of gelatin is :

—

Carbon 49 ‘3

Hydrogen G6
Nitrogen 18 ’3

Oxygen 25‘8

1000

It also contains invariably a small quantity of sulphur.

Chondrin is produced by the action of boiling water on the young
bones, whilst yet in a soft state, and on the cartilage of the ribs and
joints. It resembles gelatine, but differs from it by being precipitated

from its solution by the addition of a little acid, and re-dissolving by
adding more. When it is boiled with hydrochloric acid, it yields a

fermentable sugar. Its composition is ;

—

Carbon
Hydrogen .

Nitrogen .

Oxygen .

100-0

. 60-0

.
6-6

. 14-4

. 29-0

SILK.

When raw silk is heated with water under pressure, it yields two

compounds.
Fibroin Cj5ll23N50g constitutes about 66 per cent, of raw silk

;
it

is a silky, glistening substance which is insoluble in water, but

dissolves in strong acids, alkalis and a solution of cuprammonium
sulphate. When boiled with dilute sulphuric acid it yields glycocoll,

leucine and tyrosine.
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By treating sponge with ether, alcohol, hydrochloric acid, and
dilute soda, spongin is left behind, which has great resemblance to

fibroin, and also yields glycocol, and leucine, but no tyrosine.

Sericin or Silk-gelatm is a substance resembling

gelatin. Its hot aqueous solution is precipitated by alcohol, and after

drying the precipitate forms a colourless powder, which in cold

water swells up to a gelatinous mass. On iDoiling it with a dilute

sulphuric acid it yields a small quantity of leucine, and larger

quantities of tyrosine, and serine, or amidoglyceric acid.

FERMENTS.

Under the head of fermentation it has already been mentioned
that several kinds of sugar, and other bodies such as glucosides,

if a ferment be added to their dilute solution, are resolved into

two or more new compounds. Ferments are proteids in a peculiar

state of decomposition. Their constitution is quite unknown, and
none of them has been yet obtained in a pure state.

Yeast consists of one of the lowest members of the vegetable

kingdom {Torula cerevisice). On treating it with dilute potash the

cells are disintegrated, and their contents dissolve in the potash. On
adding acetic acid, white flakes are precipitated, which, after drying

form a yellow, brittle mass, and contain :

—

Carbon 55'0

Hydrogen 7'5

Nitrogen 14-0

Oxygen 23‘0

Sulphur 0'5

100-0

Yeast has not only the property of resolving glucose into alcohol

and carbon dioxide, but also to decompose calcium malate into

calcium carbonate, acetate and succinate, and to convert salicin in

presence of chalc, into lactic acid, and saligenin.

When yeast is kept under water, fermentation sets in, carbon

dioxide is evolved, and the liquid contains after some time a little

alcohol, a kind of albumin and leucine.

By washing yeast with water, an organic substance goes gradually

ill solution, possessing in the highest degree the property of con-

verting cane-sugar into inverted sugar.

Diastase .—When grain germinates a portion of one of the proteids

is transformed into diastase, which may be obtained by precipitating

a cold infusion of malt with alcohol in white flakes. Its aqueous

solution is not coagulated on heating, and possesses the properties of

converting starch into dextrin and dextrose, one part being sufficient

C K K
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for the conversion of 100,000 parts of starch. The composition of

diastase is not known.
Emulsin or Synaptasc is tlie specific ferment of hitter almonds, and

exists also in sweet almonds, from which it is obtained by exhausting
the powdered paste, from which the oil has been expressed witli cold

water, adding acetic acid to the solution to remove proteids, and
precipitating the emulsin with alcohol. It is a white, friable mass,
containing about 30 per cent, of calcium phosphate, and consisting,

after deducting the asli, of :

—

Emulsin has the specific property of decomposing amygdalin,
salicin, arbutin, aesculin, and other glucosides.

Mjjrosin is contained in black mustard-seed, and is a substance
resembling diastase. It is without any action on amygdalin, but
readily decomposes potassium myronate, into mustard-oil, sugar, and
acid potassium sulphate.

Pepsin is a substance resembling mucin, and is found in thegastric

juice. It possesses the specific property to convert proteids in the pre-

sence of an acid, into soluble modifications, called p>cptoiics.

Ptyalin exists together with mucin and salts in saliva
;

it is

sparingly soluble in water, and insoluble in alcohol, and possesses the

property of changing starch into dextrin and dextrose, and decom-
posing salicin into sugar and saligenin.

Similar substances exist in the pancreatic and intestinal fluids,

wliich have an alkaline reaction. The pancreatic fluid converts

starch rapidly into dextrose, and ju’oteids into peptones, and resolves

fats into glycerin and fatty acids. The intestinal fluid also transforms

proteids into soluble modifications, and starch into sugar, and the

latter into lactic acid, and butyric acid.

Carbon
Hydrogen . .

Nitrogen , .

Oxygen
Sulphur

100-0
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Accnaphthene, 437

Acetal, 195
Acetaldehyde, 134
Acetamide, 143
Acetanilide, 323
Acetdiamine, 143
Acetenyl-benzene, 385
Acetic anhydride, 141

Acctochlorhydrin, 255

Acetocinnamone, 402

Acetoluides, 350
Acetone, 152
Acetones, 86
Acetonitrile, 93
Acetophoi’one, 153
Acetyl bromide, 141

chloride, 140,

cyanide, 141

iodide, 141^

oxide, 141
peroxide, 142
sulphide, 142

Acetyl-benzene, 383

Acetylene, 274
Acetylene di-iodide, 274
Acctyl-phenol ether, 333
Acetyl-silicon oxide, 142

Acid, acetic, 136
acetone- carbonic, 139

acetonic, 218
acetylcitric, 238
acetyl-lactic, 211
acetylmaUc, 224
acetyltartaric, 227
aconic, 238
aconitic, 238
acrylic, 266
adipic, 235
adipotartaidc, 236
allophanic, 120
alloxanic, 243
aloetic, 485
alphatoluic, 383
alphaxylic, 390
amalic, 252
amenthenic, 234

amidacetic, 199
amidethylsulphonic, 192

Acid, amidobenzenesulphonic,
326

amidobenzoic, 365
amidobutyric, 217
amidocumic, 401
amidodracylic, 365
amidoglyceric, 259
amido-isocaproic, 234
amidomalonic, 246
amidonitrobenzoic, 366
amidopropionic, 212
amidosalicylic, 370
amidosalylic, 365
amidosuccinamic, 224
amidosuccinic, 224
amidovalerianic, 231

amylumsulphuric, 293
angelic, 269
anisic, 371
anthracenecarbonic, 454
anthracenesulphonic, 445
anthraflavic, 450

anthranilic, 365
anthraquinonedisulpho-

nic, 447
anthraquinonomonosul-

phonic, 447
arachidic, 174
ai'senmonomethylic, 99

aspartic, 224
atropic, 394
azelaic, 236
azobenzenesulphonic, 328
azobenzoic, 365
azulmic, 243
barbituric, 246
bchcnic, 174
behenolic, 272
behenoxylic, 272
benzamidacetic, 362
benzenedisulphonic, 320
benzenesulphinic, 321
benzenesulphonic, 320
benzhydrylbenzoic, 419
benzilic, 321
benzoic, 359
benzoleic, 363
a benzoyl-benzoic, 418

„ ,, 449
benzoyl-glycollic, 363

A ;id, bonzylbenzoic, 419
bibromopyrotartaric,

238
bihydrocarboxylic, 69
bomeol-camjdioric, 303
brassic, 237
bromobeuzoic, 364
bromomalophthalic, 405
butylactic, 216
butyric, 155
cacodylic, 98
caffeetannic, 464
caffeic, 397
camphocarbonic, 303
campholic, 306
camjihoi-ic, 306

'

camphoronic, 306
capric, 171
caproic, 166
caprylic, 169
carbamic, 65
cai’bolic, 331
carbonic, 64
carbopyrollic, 282
carminic, 462
catechutannic, 464
cerotic, 174
chelidonic, 283
chenotaurocholic, 488
chinolinesulphonic, 469
chinovic, 466
chloranilamic, 342
chloranilic, 341
chlorethylsulphonic. 192
chlorobenzoic, 363
chlorodracylic, 363
chloromuconic, 281
a chloropropionic, 210
P „ ,, 259
chlorosalylic, 363
chloroxynaphthalic, 436
chrysammic, 450
chrysanisic, 372
chrysophanic, 450
cimicic, 270
cinnamic, 392
citrabibromopvrotartai-ic,

239
citraconic, 238
citramalic, 240

K K 2
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Acid^ citramonochloropyro-
tartaric, 240

citratartarif, 240
citric, 237
comonic, 284
convolvulic, 415
convolvuliiiolic, 4C5
copaibic, 308
crosotic, 379
crocoiiic, 70
crotonic, 267
cuniaric, 396
cumic, 401
cuinidic, 399
cuniylic, 399
cyanacetic, 147
cyanic, 57
cyanopropionic, 222
cyanuric, 58
cymic, 403
(leoxalic, 240
(leoxyglutanic, 233
dextrocainplioric, 306
dextrosesulphuric, 289
dextrotariaric, 226
diacetylfrangailic, 451

diacetyltartaric, 227
dialuric, 244
diamidobenzoic, 366
diazo-amidobenzoic, 366
diazobenzoic, 365
dibenzylcarbonic, 422
dibenzyldicarbonic, 422
dibromacetic, 147
dibromadipic, 281

dibromosuccinic, 222
dicliloracetic, 145
dichlorantliracene- disul-

phonic, 445
dichlorobenzoic, 364
dichlorodracylic, 364
dichlorosalylic, 364
diethoxalic, 235
diethylacetic, 167
diethylphosphoric, 115
digallic, 373
diglycollic, 198
di-iodacetic, 147
dilituric, 246
dimetboxalic, 218
diinethylparabanic, 252
dimethylsuccinic, 236
dinitrauisic, 371

dinitrobenzoic, 365
dinitroparamidobenzoic,

372
diorsellinic, 380
dioxybenzoic, 372
diphcnic, 442
diphenylacetic, 421

diplienjddisuljdionic, 416
diphonylglycollic, 421
diphenylmonosulphonic,

416
diphenylpropionic, 422

diphcnylsuccinic, 422
diphtbalic, 424
disulpbobenzoic, 367
ditartaric, 226
elai'c, 270

Acidj ela'idic, 271

ellagic, 373
erucic, 271
erytbric, 379
ethenedisulpbonic, 193

ethene-lactic, 213
etbenesulpbonic, 191

etbenesulphuric, 191

etbenylsulpburic, 275
etbidene-lactic, 21

4

etbionic, 191

etbometboxalic, 232

etbylacetic, 140
'

etbylacetone-carbonic,

139
ctbylbonzoic, 390
etbylcacodylic, 126

etbylcrotonic, 270
etbyldiacetic, 139
etbyldisulpbocarbonic,

117
otbylglycollic, 197

otbyl-lactic, 210
etbylmalic, 224'

etbymalonic, 232
etbyl oxalic, 203
etbyloxamic, 205
etbylpbospbinic, 124
etbylpbospboric, 115
etbylpbospborous, 115
ethj’lsuccinic, 220
etbylsulpbonic, 114
etbylsulpburic, 113

etbyltartaric, 227
eucbroic, 404
eugenic, 391
eugetic, 402
euxantbic, 414
euxantbonic, 414
evernic, 380
everninic, 380
filicic, 344
fluobenzoic, 364
formic, 104
frangulic, 451
fulminic, 148
fulniinuric, 149
fumaric, 225

,

ga'idic, 270
gallic, 373
gallotannic, 463
glucinic, 289
gluconic, 287
glutamic, 233
glutanic, 233
glj'ccric, 259
glycerinpbospboric, 256
glycocbolic,

glj’collic, 196
glycoluric, 248
glyoxylic, 205
guaiacic, 308
guaiaretic, 308
hemimellitic, 407
bemipinic, 475
beptylic, 168
bexabydropbtbalic, 405
bexylic, 166
bippuric, 362
bomocumic, 403

Acid, byaenic, 174
bydantoic, 248
hydracrylic, 259
bydratropic, 395
bydrazobenzoic, 365
hydrocaffeic, 397
bydi'ocarboxylic, 69
bydrocinnamic, 390
bydrocumaric, 396
hydrocyanic, 50
hydroferricyanic, 56
hydroferrocyanic, 54
bydromeconic, 284
hydromellitic, 405
hydromuconic, 281
hydroparacumaric, 395
hydropbthalic, 382
hydroprehnitic, 406
hydropyromellitic, 405
bydrosorbic, 272
hydroterepbthalic, 381

hydurilic, 245
hyocbolic, 488
hyoglycocbolic, 488
hyotaurocbolic, 488
hyoscinic, 484
bypogaeic, 270

'

indigosulphuric, 427
indigotiudisulphonic, 427
indigotinsulphonic, 426
iodobenzoic, 364
o iodoprouionic, 210

/3
‘ „ 259

isatic, 428
isatindisulpbonic. 427
isatropic, 395
isethionic, 191
isobutyric, 157
isocaproiC; 167
isocyanuric, 149
isoheptylic, 169 ’

isohydromellitic, 405
isobydropyromellitic, 405

'

isopiitbalic, 381
isopinic,475

isopropyl-iulphuric, 151
isopurpuric, 336
isosuccinic, 222
isotoluic, 378
itaconic, 238
itamalic, 240
itatartai-ie, 238
jalapinolie, 465
kinic, 373
kinotannic, 464
kynurenic, 490
lactic, 208
lactonic, 237
lauric, 174
lecanoric, 380
leucic, 235
leuconic, 70
levocampboric, 306
levotartaric, 228
linoleic. 272
lithofellic, 488
litburic, 490
maleic, 225
malic, 223
malonic, 214
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Acid, mandelic, 384
mannitic, 280
mannylsulphuric, 279
margaric, 174
nieconic, 283
melilotic, 396
melissic, 174
mellitic, 403
mellophanic, 406
Tuesaconic, 238
me sadibromopyrotartaric

,

240
mesainonochloropyrotar-

taric, 240
mesitylenesulphonic, 387
mesitylenic, 388
mesoxalic, 243
metanitrobenzoic, 364
metanitrocimianiic, 393
metaphenolsulphonic, 334
metatartaric, 226
metbacrylic, 269
methenedisulpbonic, 199
metlniietrisulphonic, 103
methionic, 139
methylcrotonic, 269
methyldiacetic, 139
methyl-iriopropylacetic,

167
mcthUdecanoric, 380
methylraaloiiic, 222
methyloxybenzoic, 370
methylphosphinic, 97
methylsalicylic, 369
luetbylsuccinic, 232
methylsulphocarbonic,

94
metbylsulphonic, 199
methylsulphuric, 92
moniodacetic, 147
monobromacetic, 146
monobromisocrotonic, 239
monobromoleic, 270
monobromosuccinic, 222
monochloracetic, 144
monoch!orocitramalic,240
monochloroci'otonic, 268
monochloropyrotartaric,

240
monochloroqnartenic, 268
inonoxyanthraquiiione-

sulphonic, 448
moritannic, 464

mucic, 280
raucoiiic, 281
mycomelic, 242
myristic, 174
myronic, 459
naphthalenebicarbouic,

439
naphthalenecarbonic, 438
naphthalenesulphonic,

434
naphthalic, 437
naphthoic, 438

naidithyl Formic, 438
naplitliylpurpnric, 436
nicotinic, 472
nitranisic, 371
nitrocinnamic, 393

Acid, nitrococcussic, 462
nitrocumic, 401
nitrolactic, 211
nitrosalicylic, 370
nitroiartaric, 227
nonylic, 170
octylic, 169
oenanthylic, 168
oleic, 270
opianic, 475
opinic, 475
orsellinic, 379
orthonitrobenzoic, 364
orthotoluic, 378
oxacetic, 196
oxalic, 201
oxalohydroxamic, 205
oxaluric, 247
oxamic, 205
oxanilic, 324
oxatoluic, 383
oxybenzoic, 370
a oxybutyric, 216

/3 ,, 217
oxycamphoronic, 306
oxycholic, 489
oxycumic, 401
oxyisobutyric, 218
oxylsopropyl-i^henylfor-

mic, 401
oxj^malonic, 228
oxymesitylcnic, 388
oxvmethyl-phenylformic,

370
oxyphenic, 342
oxyphenyl-amidopropion-

ic, 395
ti oxypropionic, 208
oxysalicylic, 372
oxyvalerianic, 231

. palmitic, 174
palmitolic, 270
palmitoxylic, 270
parabanic, 247
paracumaric, 396
paradiphenylcarbonic,425
jjaralactic, 213
paramalic, 198
paranitrobenzoic, 365
paranitrocinnamic, 393
imranitropheny-propio-

nic, 390
para-oxybenzoic, 371
paraplienolsuljilionic,

334
paraphenylbenzoic, 425
paratolnic, 377
paraxylic, 389
pelargonic, 170
pentylic, 160
lihenanthrenesulphonic,

441
pbenolsxxlphonic, 333
phenoldisulphonic, 334
phenylacetic, 383
phenylacrylic, 392
phenylangelic, 403
phenylbcnzoic, 442
phenylbromolactic, 394
phcnylchlorolactic, 394

Acid, phenyldibromojiropi-
onic, 393

phenylformic, 359
phenylglycollic, 384
phenyl-lactic, 394
phenylpai'alactic, 394
phenylphosphoric, 333
phenylpropiolic, 393
phenylpro])ionic, 390
phloretic, 395
phthalic, 381
physetoleic, 270
picramic, 337
picric, 335
picrocyamic, 336
pimaric, 308
pimelic, 236
pinic, 308
piperic, 481

piperonic, 482
prehnitic, 406
propionic, 150
protocatechuic, 372
pmssic, 50
psexulo-uric, 244
purpuric, 245
pyrocomenic, 284
pyi-ogallic, 343
pyroligneoxis, 137
jxyromellitic, 405
a pyromucic, 281

/3 „ 282
pyioraccixxic, 230
pyrotartaric, 232
pyrotex'ebic. 270
pynxvic, 230
quartcnic, 268
quercimei-ic, 461

quei’cotannic, 464 -

cpxinic, 373
quinotannic, 464
racemic, 228
rhodizoxxic, 69
licinelaidic, 272
ricinoleic, 272
rocellic, 237
rosolic, 411
rxxberythric, 462
nibianic, 462
rxxfigallic, 453
sacclxai'ic, 280
salicylic, 368
sarcolactic, 213
sebacic, 236
silicocopi’opionic, 132
sinapic, 482
sorbic, 272
stearic, 174
stearolic, 271
stearoxylic, 271
stj’phnic, 343
suberic, 236
sxxberomalic. 236
sxxberotartaric. 236
succinamic, 221
sxiccinic, 218
sulpliacetic, 198
sxxlphanilic, 326
suli>hobenzoic, 367
nlphocarbamic, 69
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Acid, sulphocarbonic, 08
sulplioeyanic, 59
sulphopseudo-uric, 245
sulplioijurpuric, 427
sulphosucciuic, 221
s}dvic, 308
tauuic, 403
tartaric, 220

inactive, 229
tartrolic, 220
tartronic, 228
tartrophthalic, 400
taurocholic, 488
torebentic, 300
tcrebic, 299
teroplithalic, 381
tetrahydroplitlialic, 405
toranitrochrysopbanic,

450
tetrolic, 208
thiacctic, 142
thymotic, 403
tiglic, 270
toluic, 377
tolyleueglycollic, 379
triamidobenzoic, 372
tribromacetic, 147
tricarballylio, 238
trichloracetic, 145
trichlorocrotonic, 208
trichlorolactic, 213
trichlorophenolmalic, 345
trihydrocarboxylic, 09
trimellitic, 400
trimesic, 389
trimethylacetic, 164
trinitrocresotic, 302
trioxybenzoic, 373
tropic, 394
umbellic, 397
uramidobeiizoic, 300
uric, 241
usnic, 380
uvifcic, 388
valerianic, active, 103

inactive, 102
normal, 100
tertiary, 104

veratric, 398
violuric, 240
vulpinic, 383
xanthic, 117
xylie, 389
xylidic, 389

Acids, fatty, 80
solid, 172

isacrylic, 205
isolactic, 182
series, Cn Hau —

2

O4 .
182

series, Cu Hsu O3 , 179
series, Cn II2 u — 2 O2 . 205

Achillein, 487
Achilletin, 487
Aconitine, 484
Acridine, 410
Acrol dichloride, 260
Acrolein, 265
Acrolein-ammonia, 206
Acrylaldohyde, 205
Acsculin, 461

Aeseuletin, 401
Alanine, 212
Albumin, 492
Albuminoids, 491
Alcarsino, 93
Alcohol-radicals, 72, 75

dyad, 175
Alcohols, 70

primary, 80
secondary, 86
tertiary, 88

Aldehyde, 134
Aldehyde-ammonia, 135
Aldehydes, 80
Aldehydino, 135
Alizarin, 448
Alkali-blue, 410
Alkaloids, 470
Allantoin, 248
Alloxan, 243
Alloxantin, 244
Allyl alcohol, 201

bromide, 262
carbamino, 263
chloride, 202
cyanamide, 264
cyanide, 263
hydrosulphide, 203
iodide, 202
mercaptan, 203
oxide, 262
sulphide, 203
sulphocarbamide, 204
sulphocarbimide, 263

Allylamine, 264
Allyl-benzene, 391
Allylene, 276
Allylphenol, 391
Allyphenol-methyl ether, 391
Aloin, 485
Aluminium acetate, 137

mellitate, 404
Aluminium-ethyl, 130
Amarine, 359
Amber, 308
Amides, 82
Amido-authraiiuinone, 447
Amido-azobeuzene, 331
Amido-azonaphthalene, 433
Amidobenzeno, 321
Amidobenzonitrile, 358
Amido-compounds, 309
Amido-isoxylene, 376
Amidomalonyl-urea, 240
Amidomositylcne, 387
Amidonaphthalene, 433
Amidophenols, 337
Amidophloroglucin, 344
Amidopseudocumenc, 388
Amidotolucnes, 349
Amines, 77
Ammelido, 61

Ammeline, 01

Ammonium acetate, 137
cyanate, 58
cyanide, 52
deoxalatc,
formate, 105
isethoniate, 192
mellitate, 404

Ammonium oxalate, 203

sulphocyanate, 59

Amygdalin, 459^
Amy] acetate, 102

secondary, 164

alcohol, primary, 160

secondary, 163

tertiary, 104

Amyl bromide, 101

chloride, 101

hydride, 101

iodide, 161
secondary, 103

nitrate, 101

nitrite, 101

oxide, 101
valerate, 103

Amylamine, 102
Amyl-benzene, 402

Amylene, 231
dibromide, 231

glycol, 231
hydrate, 104

Amyl-toluene, 403
Amylum, 292
Analysis, optical, 42

ultimate, 15

Anetlio), 391
Angelic aldehyde, 269
Anhydrides, 81
Anilides, 323
Aniline, 321

hydrochloride, 322
nitrate, 322
sulphate, 322

Aniline-blue, 410
Aniline-colours, 407

.

Aniline-green, 410
Aniline-orange, 351
Aniline-purple, 407
Aniline-i-ed, 408
Aniline-violet, 410
Aniline-yellow, 331
Anisol, 332
Anisyl alcohol, 371

aldehyde, 371
chloride, 371

Anol, 391
Anthracene, 443

dichloride, 444
Anthrachrysone, 452
Anth rallydroquinone, 446
Anthraflavine, 450
Anthrainirpurin, 452
Anthraquinone, 445
Antiarin, 466
Apomorphine, 473
Apple-oil, 163
Arabin, 294
Arabinose, 294
Arbutin, 460
Archil, 353
Argento-othenyl chloride, 275

oxide, 275
Aromatic compounds, 308
Arsendiethyl, 120
Arsendimethyl, 98

chloride, 98
oxide, 98

Arsenmonomethyl, 99
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Arsenmoiiomethyl chloridG,99

oxide, 99
Aspai’agiii, 224
Athamaiitin, 485
Atropine, 483
Aurin, 411
Azelaic aldehyde, 271
Azobenzeue, 327

dibromide, 328
Azo-compounds, 311
Azoconydrine, 470
Azodinaphthyl-red, 433
Azodiphenyl-blue, 408
Azoxybenzene, 328

B.

Barium chrysammate, 451
deoxalato, 240
kynurenate, 496
mellitate, 404
platinocyanido, 56

Bebeerine, 481
Bees-wax, 174
Benzaldehyde, 358
Benzamide, 362
Benzapinacone, 424
Benzene, 317

hexabromide, 345
hexachloride, 345
sulphoxide, 321
trichlorhydrin, 345

Benzenesulphonamide, 320
Benzenesulphonic chloride,

320
Benzhydrol, 418
Benzidine, 415
Benzil, 421
Benzoin, 420
Benzol, 317
Benzonitrile, 357
Benzophenone, 418
Benzoyl-acetyl oxide, 362

anhydride, 361
chloride, 361
dioxide, 361
fluoride, 361
oxide, 361

Benzoyl-piperidine, 481
Benzyl acetate, 354

alcohol, 354
bromide, 354
carbimide, 355
chloride, 354
cinnamate, 393
cyanate, 355
disulphide, 355
hytlrosulphide, 355
iodide, 354
isocyanurate, 355
mercaptan, 355
mustard-oil, 356
sulphide, 355
sulphooarbimide, 356

Benzylamine, 355
Benzyl-anisol, 417
Benzyl-benzene, 417

Benzylene dichloride, 358

Benzylenediamine, 359
Benzyl-ethyl-benzejie, 419
Benzyl-methyl ketone, 390
Benzyl-oxybenzene, 417
Benzyl-phenol, 417
Benzyiphenyl-methyl ether,

417
Benzylphosphine, 356
Benzyl-rosaniline, 410
Benzyl-toluene, 418
Benzyl-urea, 356
Berberine, 480
Betaine, 196
Beta-orcin, 376
Bilifuscin, 489
Bilihumin, 490
Biliprasin, 490
Bilirubin, 489
Bilivei'din, 489
Bisinuthethyl dichloride, 127
Biuret, 66
Bixin, 414
Blood-fibrin, 493
Bor-ethyl, 127
Bor-diethyl chloride, 127
Borneene, 304
Borneo-camphor, 304
Borneol, 304
Boron-methyl, 99
Erasilin, 413
Bi'omal, 147
Bromoform, 101
Bromotoluenes, 348
Butalanine, 232
Butane, 154

a Butene, 215

/3 Butene, 216
Butene dibromide, 215

chlorhy'drate, 215
glycol, 215

Butenyl-benzene, 402
Butine, 276
Butyl acetate, secondary, 156

tertiary, 158
alcohol nonnal, 154

secondary, 156
tertiary, 157

chloride, 155
iodide, normal, 155

secondary', 156
tertiary, 158

sulphocarbimide, 155
Butylamine, 155

tertiary, 159
Buty'leno, 215
Butyraldehyde, 156

C.

Cacodyl, 98
oxide, 98

Cacotcline, 477
Caerolignone, 417
CafFeidine, 252
Caffeine, 251
Ca'incetin, 466
Caincingenin, 466
Ca'incin, 466
Calcium acetylglycollate, 198

Calcium butyrate, 155
camphorate, 306
citrate, 237
glycollate, 197
isobutyrate, 157,
lactate, 206
malate, 223
oxalate, 203
quinate, 374
tartrate, 227

Oamphilene, 300
Campholene, 303
Camjjhor, 303

dibromidc, 304
nitrate, 304

Camphoric anhydride, 306
Camphyd acetate, 304

alcohol, 304
chloride, 304

Camphyl-methyl ether, 304
Cane-sugar, 285
Cantharidin,
Caoutchene, 303
Caoutchouc, 302
Caramel, 286
Carbamide, 65
Carbamines, 78
Carbanil, 324
Carbanilamide, 323
Carbanilide, 323
Carbazol, 415
Carbazoline, 416
Carbimides, 79
Carbinols, 86
Carbo-hy^drates, 284
Carbon dioxide, 63

disulphide, 68
monoxide, 62
oxychloride, 64
oxysulphide, 68
tertrabromide, 107
tertrachloride, 101

Carbonates, 64
Carbon-comj)ounds, boiling

point, 37
classification, 47
colour, 44, 456
solubility', 44
melting point, 37
odour, 44
optical yji'operties, 40
physical properties, 35
specific volume, 35
taste, 44

Carbony'l chloride, 64
sulphide, 68

Carbonyd-compounds, 62
Carbonyl-disuli^hodiethy], 120
Carbopyrrolamido, 282
Carbotriphenyltriamine, 325
Carboxyl, 82
Carby'l sulphate, 191
Carmine, 462
Carmin-red, 462
Carnine, 249
Carotin,
Catechin, 464
Catechu, 464
Carthamine, 413
Casein, 492
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Casein vegetable, 4P2
Cellulose, 295
Cei'asin, 294
Cevebrln, 467
Ceroteiie, 234’

Ceryl alcohol, 174
cerotate, 174

Cetone, 234
chlorhyclrate, 234
dibromide, 234
oxide, 234

Cetyl alcohol, 171
iodide, 171

Cetylamiue, 171
Chelerythrine, 480
Chelidonine, 480
Chinoline, 469
Chinovin, 466
Chitiu, 467
Chloral, 146

hydrate, 146
Chloranil, 341
Chlorobenzaldehyde, 368
Chlorobenzyl alcohol, 357
Chlorobenzylene dichloride,

368
Chlorocodide, 474
Chloroform, 101
Chlorohydranil, 341
Chlorophenol, 338
Chlorophyll, 486
Chloropicrin, 102
Cholesterin, 489
Cholesteryl acetate, 489

benzoate, 489
chloride, 489

Cholesterylamine, 489
Cholestrophane, 252
Choline, 190
Chondrin, 496
Chrysaniline, 411
Chrysohydroquinone, 455
Chrysoquinone, 455
Cinchona-red, 464
Cinchonicine, 479
Cinchonidine, 479
Cinchonine, 479
Cinnamaldchyde, 392
Cinnamein, 393
Cinnyl alcohol, 391

chloride, 392
cinnamate, 392
iodide, 392

Cinnylamine, 392
Cii’cular polarization, 43
Citrene, 301

Coal-tar, 458
Cobalt CJ^anide, 52
Cocaine, 483
Coccinin, 462
Codamine, 474
Codeine, 474
Coerulein, 413
Colchicine, 484

Collidine, 467
Collodion, 296
Colombin, 486

Coloi'hony, 307
Conglutin, 492

Coniferin, 466

Conine, 470
Conquinine, 479
Convolvulin, 465
Convolvulinol, 465
Conydrine, 471
Copper acetate, 138

amidacetate, 200
fulminate, 148
trichloracetate, 145

Coppcr-ethinyl-benzene, 385
Coridine, 467
Corydaline, 485
Cotarnine, 447
Creatine, 250
Creatinine, 250
Creosol, 352
Creosote, 352
Cresol, 351
Cresol-methyl ether, 351
Crocin, 466
Crotonaldehyde, 267
Crotonchloral, 268

hydrate, 268
Crotonitrile, 263
Crotonylene, 276
Cryptidine, 468
Cryptopine, 476
Cumaric anhydride, 396
Cumarin, 396
Cumene, 390
Cumidine, 401
Cuminaldehyde, 401
Cuminol, 401
Cupric acetate, 138
Cuproso-ethenyl ehloride, 273

oxide, 273
Curarine, 477
Curcumin, 486
Cyclamin, 466
Cyclamiretin, 466
Cyanamide, 60
Cyananilide, 324
Cyananiline, 325
Cyanates, 57
Cyanetholin, 119
Cyanides, 51

Cyanobenzene, 325
Cyanogen bromide, 57

chloride, 57
iodide, 57
sulphide, 60

Cyanogen-compounds, 48
Cyanogen-gas, 49
Cyanuraniide, 61

Cyanuric chloride, 57
Cymene, 399
Cymophcnol, 400
Cymyl acetate, 401

alcohol, 401

chloride, 401
fjyStine, 490
Cytisine, 485

D.

Daphnetin, 466
Daphnin, 466
Decatyl alcohol, 170

cldoride, 170

Decenylene, 277
Deoxybenzoin, 421

Delphinine, 485
Dextrin, 294
Dextrose, 288
Diacetamide, 144

Diacetin, 258
Diacetyl-alizarin, 450
Diacetyl-anthraflavin, 450
Diacetyl-authrapurpurin, 452
Diallylene, 277
Diallyl, 276
Diallyl carbamide, 264

ether, 262
Dialluramide, 244
Diamido-anthraquinone, 447
Diamidobenzenes, 327
Diamidodiphenyl, 415
Diamidohydrazobenzene, 328
Diamidomesitylene, 387
Diamidonaphthalene, 433
Dimidophenol, 337
Diamidotoluene, 350
Diamyl, 170
Diamyl ether, 161
Diamjdene, 234
Diastase, 497
Diazo-amidobenzene, 330
Diazo-anthraquinone, 447
Diazobenzene argentoxide,'

330
hydroxide, 330
nitrate, 330
potassoxide, 330
sulphate, 330

Diazo-compounds, 311
Diazophenol chloride, 337
Diazoresorcin, 343
Diazoresorufin, 343
Dibenzyl, 419
Dibenzyl ether, 354
Dibenzylamine, 355
Dibenzylphosphine, 356
Dibenzyl-urea, 356
Dibromaniline, 325
Dibromo-anthracene, 444
Dibromo-anthraquinone, 446
Dibromobenzene, 319
Dibromodiphenyl, 415
Dibromodurene, 398
Dibromo-isoxjdene, 375
Dibromomesitylene, 387
Dibromomethyltoluene, 375
Dibromonaphthalene, 432
Dibromonitro-acetonitrile,

149
Dibromophenanthrene, 441
Dibromophenanthrene-quin-

one, 441
Dibromophenol, 339
Dibromopropyl alcohol, 261
Dibromopyrene, 455
Dibromopseudocumene, 388
Dibromotoluene, 348
Dibutyryl-phloroglucin, 344
Dicetyl ether, 171
Dichloraniline, 325
Dichloranthracene, 444
Dichloranthraquinone, 446
Dichlorcthane, 134, 195
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Dichlorethene, 185
Dichlorethyl oxide, 111
Dichlorethylamine, 121
Dichlorhydrin, 255
Dichlorisatin, 427
Dichlorobenzene, 319
Dichlorohenzyl alcohol, 357
Dichloroglycide, 256
Dichlorohydroquinone, 341
Dichloromannite, 279
Dichloromethane, 101
Dichloromesitylene, 386
Dichloronaphtalene, 432
Dichloronaphthohydroquin-

one, 436
Dichloronaphthoquinone, 436
Dichloronaphthydrene glycol,

Dichlorophenol, 338
Dichloropropyl alcohol, 261
Dichloroquinone, 341
Dicyanamide, 61
Dicyanogen, 49
Diethene glycol, 185
Diethenediamine, 193
Diethyl, 154
Diethyl carbamide, 123

ethenate, 187
ether, 109
glycollate, 197
sulphocarbamide, 123

Dicthylamine, 122
Diethylaniline, 322
Diethyl-benzene, 399
Diethyl-benzylene, 403
Diethylhydrin, 257
Diethylphosphine, 124
Diethylsulphane, 128
Digeranyl ether, 305
Digitalin, 466
Digitalretin, 466
Dihydro-anthracene, 444
Dihydronaphthalene, 431
Dihydroxyl-oxamide, 205
Di-iodomethane, 102
Di-iodonitro-acetonitrile, 149
Di-ispropyl, 167
Dimesityl-methane, 423
Dimethyl, 72
Dimethyl carbinol, 151

ether, 93
ketone, 152

Dimethylacetal, 195
Dimethylamine, 95
Dimethyl-anthracene, 453
Dimethyl-benzenes, 374
Dimethyl-butjd-methane, 168
Dimethyl-diethylmethane,] 68
Dimethyl-ethene, 215
Dimethyl-ethyl-benzene, 399
Dimethyl-ethyl-methane, 161
Dimethyl-isopropyl carbinol,

167
Dimethyl-narcotine,
Dimethylphosphine, 97
Dimethyl-propyl carbinol, 167

Dimethyl-propyl-methane, 166
Dimonochlorallylamine, 264

Dinaphthyl, 439

Dinaphthyl ketone, 440

Dmitro-acetonitrile, 149
Dinitro-amidophenol, 337
Dinitro-amidotoluene, 351
Dinitro-anthracene, 445
Dinitro-anthraquinone, 447
Dinitrobenzene, 320
Dinitrocresol, 351
Dinitrodiphenyl, 415
Dinitrodurene, 398
Dinitrohydrazobenzene, 328
Dinitrohydroquinone, 340
Dinitro-isoxylene, 376
Diuitromesitylene, 387
Dinitromethyltoluene, 375
Dinitronaphthalene, 432
Dinitronaphthol, 435
Dinitrophenaiithrene, 441
Dinitrophenanthrene-quin-

one, 441
Dinitrophenol, 335
Dinitropseudocumene, 388
Dinitropyrene, 455
Dinitrostilbene, 420
Dinitrotoluene, 349
Dioxethylamine, 190
Dioxindol, 428
Dioxyanthraquinones, 448
Dioxybenzenes, 339
Dioxydiphenyl, 416
Dioxymethene, 104
Dioxynaphthalene, 435
DioxynaiAthoquinone, 436
Dioxyresistene, 456
Dioxytoluenes, 352
Dipalmitin, 238
Diphthalyl, 423
Diphenine, 328
Diphenyl, 414
Diphenyl carbinol, 418

ether, 333
ketone, 418

Diphenylamiiie, 322
Diphenylaniline, 323
Diphenyl-benzene, 424
Diphenyl-dicarbimide, 324
Diphenyl-dichlorethene, 422
Diphenyl-dichlorornethane,

424
Diphenyl-diethene, 423
Diphenylene ketone, 442

oxide, 416
Diphenyl-ethane, 419
Diphenyl-ethene, 419
Diphenyl-ethine, 422
Diphenyl-guanidine, 324
Diphenyl-methane, 417
Diphenyl-rosaniline, 416
Diphenyl-trichlorethane, 421

Diphenyl-urea, 323
Dipropine, 277
Dipyridine, 468
Disacryl, 266f
Disacryl-resin, 266
Dispoline, 469
Distillation, destructive, 457

dry, 457
fractional, 45

Distyrolene, 384
Disulphydrin, 256-

Diterebene, 300

Ditolyl, 419
Ditolylamine, 377
Drupose, 296
Dulcitan, 279
Dulcite, 279
Durene, 398
Dutch liquid, 185

E.

Ebonite, 309
Ecgonine, 483
Egg-albumin, 492
Elastin, 495 ‘

Emetine, 484
Emulsin, 498
Ef)ichlorhydrin, 255
Ericinol, 465
Eiythrin, 379
Erythrite, 277
Erythryl nitrate, 278
Erythrozyme, 463
Eserine, 483
Ethane, 133
Ethene, 184

alcohol, 187
arsenic-bases, 194
chlorhydrate, 188
chlorhydrine, 188
chloriodide, 187
chloronitrate, 191
diacetate, 187
dibromide, 186
dichloride, 185
dihydrosnlphide, 192
di-iodide, 186
dioxide, 189
glycol, 187
hydrosulphide, 1 92
iodohydrate, 188
mercaptan, 192
monacetato, 187
nitrate, 191
nitrite, 191
nitrogen-bases, 193
oxide, 188
phosphorus-bases, 194
sulphide, 192
sulphocyanate, 193

Ethenediamine, 193
Ethene-diphenyl ether, 333
Ethene-naphthalene, 437
Ethenyl alcohol, 275
Ethenyl-benzene, 384
Ether, 109

acetic, 138
disodacetone-carbonic,

140
formic, 118
formic, tribasic, 118
oenanthic, 171

Ethers, compound, 76, 81
cyanic, 79
mixed, 77
saline, 76, 81

Ethidene, 195
diacetate, 196
dichloride, 195

Ethine, 274
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Ethiiie-iiaphthalonc, 43S
Ethinyl-bonzone, 385
Ethyl acetate, 138

acetoue-oarbouate, 130
acetyl-glycollate, 108
acetyl-malate, -21
alcohol, 107
acrylate, 207
allophauate, 120
aiitiiuony-bases, 120
ai'senate, 110
arsenic-bases, 125
arsenite, 110
benzoate, 301
bisimith-bases, 120
borate, 110
bromide, 100 .

butyrate, 150
caprylate, 170
carbamate, 117
carbamino, 118
carbanilate, 324
carbimide, 110
carbonate, 110
chloride, 100
chlorocarbonatc, 118
chloroformate, 118
cinnamate, 393
citrate, 238
cyanate, 119
cyanide, 118
deoxalate, 240
dicarbothionate, 118
diacetone-carbonate, 140
diphenylallophanate, 324
disulphide, 128
ethacetonc-carbonate, 140
ethenate, 187
formate, 118
gallato, 373
glycollate, 109
hydroselenide, 128
hydrosulphate, 113
hydrosulphide, 127
iodide, 109
lactate, 210
malate, 224
mellitate, 404
moniodacetate, 147
monobromacetate, 147
monochloracetatc, 145
mustard-oil, 120
nitrate, 112
nitrite, 112
nitrogen-bases, 121
nitrolactate, 211
octylate, 109
orthocarbonate, 117
orthoformate, 118
orthosilicopropionnto 132
oxalate, 203
oxalurate, 247
oxamate, 205
oxide, 109
perchlorate, 113
phosphate, 115
phosphite, 115
phosphorus-bases, 123
picrate, 330

2)yrophosphate, 115

Ethyl scleuide, 128
silicate, 110
succinate, 220
sulphate, 113
sv’l|)hide, 128j
sulidiite, 114
sulphocarbonate, 117
sulphocarbimide, 120
sulphocyanute, 1 20
sulphoxide, 128
tartrate, 227
telluride, 129
terephthalate, 381
xanthate, 118

Ethyl-acetamide, 143
Ethyl-allyl ether, 203
Ethylamidobonzene, 382
Ethylamino, 121
Ethyl-amyl, 108
Ethyl-amyl ether, 101
Ethylanilino, 322
Ethyl-benzene, 382
Ethyl-cacodyl, 120
Ethyl-cam jjhor, 303
Ethyl-carbamide, 122

'

Ethyl-dimethyl carbinol, 104
Ethyldisulphocarbonyl disul

phide, 117
Ethylformamide, 119
Etbylhydrin, 257
Ethyl-isobutyl, 107
Ethyl-isoxylene, 399
Ethyl-methyl carbinol, 150
Ethyl-methyl ketone, 150
Ethyl-methyl-benzene, 389
Ethyl-monobromallvl ether,

263
Ethyl-monobromobenzene,

382
Ethyl-monochlorallyl ether,

203
Ethyl-mononitrobenzone, 382
Ethyl-naphthalene, 437
Ethyl-oxalyl chloride, 204
Ethyl-oxybenzeue, 382
Ethyl'i^henol, 382
Ethyl-phenyl ether, 332
Ethylpliosi^hine, 123
Ethyl-pyrrol, 283
Ethyl-selenium chloride, 129

oxide, 129
Ethyl-sulphocarbamide, 123
Ethyl-tellurium chloride, 129

oxide, 129
Ethyl-ureas, 122
Ethyl vinyl, 210
Ettidino, 409
Eucalin, 292
Eucalypteno, 305
Eucalyptol, 305
Euchronc, 404
Eugenol, 391

Euxanthone, 414
Excretin, 4!'0

E.

Fermentation, 297
butyric, 208
lactic, 293

Fermentation, nnicic, 298
^'inous, 297 »

Ferments, 497
Ferric oxolate, 203
Forricyanides, 53

Ferrocyanides, 53

Ferrous lactate, 209
oxalate, 203

Fibrin, 493
vegetable, 493

Fibroin, 496
Flavin, 401
Fluorescin, 412
Formaldehyde, 103
Formainide, 100
Formauilide, 323
Formulie, constitutional, 29

empirical, 29
molecular, 25
rational, 29

Fraxetin, 465

Fraxin, 465
Frangulin, 402
Fuchsine, 408
Fucusol, 282
Fulminates, 148
Furfuramide, 282
Furfurine, 282
Furfurol, 282
Furfuiyl alcohol, 282

(4.

Galactose, 292
Gallein, 412
Gelatin, 495
Gentianin, 414
Geraniene, 305
Geraniol, 305
Gerauj'l alcohol, 305

chloride, 305
sulphide, 305

Gliadin, 493
Globulin, 493
Glucosan, 289
Glucose, 288
Glucosides, 459
Glue, vegetable, 493 ]

Gluten, 493
Glycerin, 253
Glycocine, 199
Glycocol, 199
Glucodruijose, 290
Glycogen, 295
Glycollamide, 199
Glycollic anhydride, 198
Glycollide, 198
Glycollyl chloride, 197
Glycollyldiamide, 200
Glycollyl-urea, 248
Glycols, 179
Glycolurile, 248
Glycyrrctin, 406
Glycyrrhicin, 466
Glyoxal, 200
Gold cyanides, 53
Grape-sugar, 288
Guaiacene, 288
Guaiacol, 342
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Guanidine, 103
Guanine, 249
Gum arabic, 294

British, 294
Senegal, 294
tragacanth, 294

Gun-cotton, 295
Gutta-percha, 303

H.

Haemin, 495
Haematoin, 413
Haemaglohin, 493
Haematin, 494
Haematoxylin, 413
Haemin, 495
Harmaline, 484
Harmine, 484
Helenin, 487
Helicin, 460
Helleborein, 465
Helleboresin, 465
Helleboretin, 465
Helleborin, -465

Heptane, 168
Heptene, 234
Heptyl alcohol, primary, 168

secondary, 168
Heptylene, 234
Heveene, 303
Hexacetyl-amylum, 293
Hexacetyl-dextrin, 294
Hexachlorethane, 134
Hexachlorobenzene, 319
Hexachloroquinhydrone, 341
Hexahydroanthracene, 444
Hexahydromesitylene, 387
Hexahydropyrene, 454
Hexane, 165
Hexene, 233
Hexene glycol, 233
Hexethylethenediamine di*

iodide, 193
Hexine, 276
Hexoxyanthraqumone, 453
Hexoxydiphenyl, 417
Hexoylene, 276
Hexyl acetate, 166

alcohol, primary, 165
secondary, 166
tertiary, 167

ether, secondary, 166
hydride, 165j
iodide, 165

Hexylene, 233
Hofmann gum, 410
Hofmann’s violet, 410
Homologous series, 8
Homopyrocatcchin, 352
Honey-stone, 403
Hydantoin, 248
Hydracetamide, 135
Hydrazobenzene, 328
Hydrazulmin, 243
Hydrazulmoxin, 243
Hydrides, 72
Hydrobenzamide, 359
Hydrobenzoin, 420

Hydroberberin, 481
Hydrobilirubin, 489
Hydrocaerolignoire, 417
H3nlrocarbazol,416
Hj'drocarotin, 483
Hydrochiysamide, 451
Hydro-indigotin, 426
Hydro-isatin, 428
Hydrophlorone, 376
Hydroquinono, 340
Hydroquinonc-phthalein, 412
Hydroxyl-carbamide, 67
Hj’oscine, 484
Hyoscyamine, 483
Hypoxanthin, 249

I.

Idrialene, 456
IdriaUte, 456
Idriaquinone, 456
Imidodiphenyl, 415
Indian-yellow, 414
India-rubber, 302
Indican, 462
Indigo, 425
Indigo-blue, 425
Indigo-carmine, 427
Indigo- extract, 427
Indigo-white, 426
Indol, 428
Indophane, 437
Inosite, 292
Intestinal fluid, 498
Inulin, 295
lodaniline, 326
Iodoform, 102
lodotoluenes, 348
Iridoline, 468
Iron-liquor, 138
Isatin, 427
Isatyde, 428
Isethiouic chloride, 192
Iso-amylamine, 164
Iso-amylene, 231
Iso-anthracene, 443
Iso-anthraquinone, 446
Isobutene, 158, 215

chlorhydrate, 159
dibromide, 216
glycol, 216

Isobutyl alcohol, 157
iodide, 157

Isobutylamine, 157
Isobutyl-benzene, 402
Isobutyronitrile, 1 52
Isocapronitrile, 162
Isocholesterin, 489
Isodinaphthyl, 440
Isodulcite, 280
Isoheptjd alcohol, 169
Isohexene alcohol, 277

diacetate, 277
oxide, 277

Isohexine, 276
Isohexine dichlordihydroto,

276
tetrabromidc, 276
tetranitrite, 276

Isohexine tetriodide, 270
Isohexyl alcohol, 167
Isoline, 469
Isomerism, 32
Isonitranthracene, 445
Isophorone, 286
Isopropene, 303
Isoprojjyl alcohol, 151

carbamine, 152
ether, 151

iodide, 151

Isopropyl-amidobenzene, 401
Isopropylamine, 152
Isopropyl-benzene, 390
Isopropyl-ethene, 231
Isosulphocyanates, 60
Isotoluylene glj’col, 420

,

Isoxylene, 375
Isoxylenol, 376
Isuretine, 67
Ivain, 487
Ivaol, 487

J.

Jalapin, 465
Jalajjinol, 465
Japan-camphor, 303
Jervine, 480
Juice, gastric, 498

K.

Ketones, 86
Keratrin, 495
Kino, 464
Kjmurine, 490

L.

Lactamide, 212
Lactic anhj'dride, 211
Lactide, 212
Lact}'! acetate, 211

chloride, 210
nitrate, 211

Lanthopine, 476
Laudanine, 475
Laudanosine, 475 _

Laserol, 486
Laserpitin, 486
Lead acetate, 138

acrylate, 267
chrysammfito, 451
malatc, 224
thiacetate, 142
trichloracetate, 145
xanthate, 117

Lead-tctrethyl, 131
Lead-triethyl, 132
Lecithine, 258
Legumin, 492
Lepidine, 469
Leucanilinc, 411
Leucaurin, 412
Leucine, 234
Leucoline, 468
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Levoborneol, 308
Levulosan, 291
Levulose, 290
Lignin, 295
Lignose, 296
Liquorice-sngai', 466
Litmus, 363
Lophine, 359
Lutidine, 467
Lycine, 485

M.

Maclurin, 464
Magenta, 408
Magnesium platinocvanide,

57
Malamide, 224
Malonyl-urea, 246
Mannitan, 278
Mannite, 278
Mannitose, 280
Mannyl chloronitrate, 279

dichlorhydrate, 279
hexacetate, 279
nitrate, 278
tetrastearate, 279

Mauve, 407
Mauveine, 407
Meconidine, 475
Meconine, 474
Melamine, 61
Melampyrin, 279
Melaniline, 324
Melene, 234
Melin, 462
Melitose, 288
Melizitose, 288
Mellimide, 404
Mellite, 403
Mellitic chloride, 404
Menaphtliylamine, 437
Menispermino, 485
Menthene, 305
Menthol, 305
Menthyl alcohol, 305
Menyanthin, 466
Menyanthol, 466
Mercaptan, 127
Mercaptides, 127
Mercuric chlorethidc, 130

cyanide, 53
ethide, 130
fulminate, 148
iodethide, 130
methide, 100
mercai)tide, 124
sulphatethidc, 131
•sulphocyanate, 59

Mercurous formate, 106
Mercur3’-acetamide, 143
Mercury-allyl iotlide, 262
Mercury-diethyl, 130
!Mercury-dinaphthyl. 437

Mercury-diphenjd, 314
Mesityl oxide, 153
IMesitylenc, 386
]\lesoxalyl-urea, 243
Mctacctone, 286

Metacresol, 351
Metacrolein, 266
Metadiamidobenzene, 327
Metadibromobenzene, 319
Meta-iodophenol, 339
Metaldehyde, 136
IMetamerism, 34
Mctanitraniline, 326
Metastyrolene, 384
Methane, 100
Methene dichloride, 100

di-iodide, 102
]\Iethyl acetate, 138

alcohol, 90
aldehyde, 103
arsen-bases, 97
benzoate, 361
bromide, 92
carbamine, 93
carbimide, 94
chloride, 91

chlorocarbonate, 106
chloroformate, 108
citrate, 238
cyanide, 93
formate, 106
hydride, 100
iodide, 92
nitrate, 92
nitrogen-bases, 94
oxalate, 203
oxide, 93
phosphorus-bases, 96
salicylate, 369
sulphate, 92
sulphocarbimide, 94
sulphocyanate, 94
tercphthalate, 381

Methylal, 195
Methyl-alizarin, 450
Methylamine, 95
Methyl-amyl carbinol, 169
Methylaniline, 322
Methyl-benzene, 345
Methylborine, 99
Methyl-butyl carbinol, 166
Methyl-butyl ketone, 160
Methyl-camphor, 303
Methylchloracetol, 208
Methylconine, 471
Methyl-diethyl carbinol, 167
Methyl-diethyl-ethene, 169
Methyl-ethyl ether. 111
Methyl-ethyl-acetal, 195
Methyl-ethyl-ethene, 231
Methyl-glycocol, 200
Methyl-hexyl carbinol, 170
Methyl-hexyl ketone, 170
Methyl-isobutenyl ketone, 153
Methyl-isopropyl carbinol, 163
Metliyl-isoj>ro))yl-benzene,399

Methyl-mononitrophenyl ke-
tone, 383

Methyl-morphine, 474
lilcthyl-naphthalene, 437
Jlethyl-nonyl carbinol, 171
lUethyl-nonyl ketone, 171
lilethyl-nornacotine, 474
jMethylpara-oxvbcnzvl alcohol

371

Methyl-pentyl ketone, 168
Methyl-phenyl carbinol, 383

^ Methyl-phenyl ether, 332
Methyl-phenyl ketone, 383
Idethyl-phenylaniline, 323
-dethylphosphine, 96

lilethyl-propyl carbinol, 160

Methyl-propyl ketone, 160
Methyl-propyl-benzene, 399
M ethylrosaniline, 409
Methyl-salicylaldehyde, 368
Methyltheobromine, 251
Methyl-toluene, 375
Milk-sugar, 287
Monaeetin, 258
Moniodobenzene, 319
Idoniodonaphthalene, 432
Moniodopheuol, 339
Monobromacetylene, 275
Monobromallyl aceUite, 261

alcohol, 261
chloride, 262

Monbromaniline, 325
onolaromethy1-trimethyl -

ammonium bromide,
194

lilonobromobenzene, 319
Monobromocamphor, 301
Monobromodiphenyl, 415
Monobromo-isobutene, 216
Monobromo-isoxylene, 375
Monobromomesilylenc, 387
Monobromomethyl toluene,

375
Id onobroraonaphthalene, 432
MonobromophenaT) throne, 441
IMonobromophenol, 339
Monobromopropene oxide, 255
Monobromopseudocumene,

387
Monochloracetamide, 1 45
lilonochlomcetyl chloride, 145
Monochlorallyl sulphocarbi-

mide, 264
Monochloranthraccne. 444
Monochlordinitrin, 257
Monochlorethyl oxide. 111
Monochlorethene, 185
Monochlorhydrin, 254
Jlonochlorobenzcne, 319
ISIonochlorobenzophenonc, 418
Monochlorocamphor, 304
Idonoehlorhydrcxpnnone, 341
IMonoehloro-isoxylenc, 375
idonochloromesitylene, 386
lUonochloronajahthalenc, 432
j\Ionochloronaj )hth ol, 435
Idoaochloropropene, 208
Monochloroquinonc, 341
M onochlorosilicon-ethyl . 1 32
Monochlorotoluenes, 348
!Mono6uobenzene, 319
Monoformin, 258
iMononitro-anthraquinone, 446
lUononitromesitylene, 387
Mononitronaphthnlonc. 432
lilononitronaphthol, 435
Mononitrophenanthreno, 441
Mononitrophenol, 335
lUononitropseudocumene, 388
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Mononitroresorcin, 343
Monopalmitiii, 258
Monosulpliydrin, 256
Monoxethylamine, 190
Moiioxantlu-a(iuinone, 448
Monoxybeiizeue, 331
Monoxydipbeiiyl, 416
Morin, 464
Morphine, 473

acetate, 473
hydrochloride, 473
sulphate, 473

Moschatin, 487
Mucilage, 294
Mucin, 495
Munjistin, 451
Murexide, 245
Muscle-fibrin, 493
Mustard-oils, 94
Mycose, 288
Myosin, 493
Myricyl alcohol, 174

pahnitate, 174
Myrosin, 498

N.

Naphthalene, 429
dichlorhydrate, 431
dichloride, 431
tetrachloride, 431
tetral) 3'droxide, 431

Naphthazarin, 436
Naphthene alcohol, 431
Naphthohj'droquinone, 436
Naphthot, 434
Naphthonitrile, 438
Naphtho(iuinone, 435
Naphthjalrene, 431
Naphthj'lamine, 433
Naphthyl-ethyl ether, 434
Naphthyl-phenyl ketone,
Naphthyl-phenj'larnine, 433
Naphthy1-phenyl-methanc,

439
Narceine, 476
Narcotine, 474
Neurine, 190
Neutralization, partial, 172
Nicholson’s blue, 410
Nickel cyanide, 52
Nicotine, 471
Night-blue, 410
Nitriles, 79
Nitro-acetonitrilo, 148
Nitro-amidotoluenes, 350
Nitro-anthracene, 445
Nitrobenzaldehyde, 358
Nitrobenzene, 320
Nitrobenzonitrile, 358
Nitrobenz}'! alcohol, 357
Nitrobenzjd hydrosulphide,

357
Nitrochloroform, 102
Nitrochrj'sene, 455
Nitro-conipounds, 399
Nitrocryptopine, 476
Nitrodiainidotoluene, 351

Nitroerythrite, 278

Nitroethane, 113
Nitroforin, 102
Nitroglycerin, 257
Niti-o-isoxylene, 375
Nitromalonyl-urea, 246
Nitromannite, 278
Nitropapaverine, 475
Nitrophloroglucin, 344
Nitroprussides, 56
Nitropyrene, 454
Nitrosodiethylino, 122
Nitrosomalonyl-urea, 246
Nytrostjn-olene, 385
Nitrotoluenes, 348
Nitrotolylene dichloride, 378
Nitrotrichloromethane, 102
Nornarcotine, 474

0 .

Octane, 169
Octene, 234
Octohydrophenanthrene, 441
Octyl alcohol, normal, 169

secondary, 176
chloride, 169

secondary, .170

iodide, 169
secondary, 170

Octylene, 234
Oenanthaldehyde, 1 68
Oenanthidene chloride, 234
Ocnanthol, 168
Oenanthylidene, 277
Oil of bergamot, 302

bitter almonds, 358
cassia, 392
cinnamon, 392
cloves, 391
cumin, 399
lemon, 301
mustard, 263
orange-peel, 302
patchouli, 305
ptychotis, 399
rue, 171
scurvy-grass, 155
thyme, 399
turpentine, 299
water-hemlock, 399
winter-green, 368

Olefiant-gas, 184
Olefines, 175, 179
Ononetin, 466
Ononin, 466
Orcein, 353
Orcin, 352
Orcoselin, 486
Orcoselon, 486
Orthoamidophenol, 337
Orthochlorophenol, 338
Orthocresol, 351
Orthodiamidobenzeno, 327
Orthodiazophenol chloride,337
Orthodibromobenzene, 319
Ortho-iodophenol, 339
Orthonitraniline, 326
Orthotoluonitrile, 378
Orthotoluylamide, 378

Orthoxylene, 376
Oxalaldehyde, 206
Oxalyl-urea, 247
Oxamethane, 205
Oxamide, 204
Oxanilide, 324
Oxatyl, 82
Oxindol, 428
Oxyacanthine, 481

Oxyanthraccne, 445
Oxyanthraquinones, 448
Oxybenzenes, 331
Oxybenzyl alcohol, 367
Oxybenzylene dichloride, 368
Oxycinchonine, 479
Oxychloronaphthoquinone,

436
Oxycholine, 190
Oxycymene, 400
Oxymorphine, 474
Oxynaphthalene, 434
Oxypentaldine, 135
Oxyi^henylethylamine, 396
Oiyquinone, 453
Oxytetraldine, 135
Oxytoluenes, 351
Oxytrialdine, 135
Ozocerite, 75

P.

Palmitaldehyde, 172
Pancreatic fluid, 498
Papaverine, 475
Parabromaniline, 326
Parachlorauiline, 326
Paraconine, 471

Paracresol, 351
Paradiamidobenzene, 327
Paradibromobenzene, 319
Paraffins, 70
Paraformaldehj'de, 103
Para-iodaniline, 326
Para-iodophenol, 339
Paraldehyde, 136
Parame, 61
Paramide, 404
Paranitraniline, 326
Paranitrobenzyl alcohol, 357
Paranthracene, 443
Paranthraquinone, 446
Paratoluonitrile, 377
Parchment-paper, 295
Paricine, 480
Paiwoline, 467
Patchoulene, 305
Patchouli-cam])hor, 305
Patchouli-oil, 305
Paytine, 480
Pear-oil, 162
Pentachlorobenzene, 319
Pentachlorophenol, 338
Pentahiroline, 469
Pentane, 159
Pentene, 231
Pentonitrile, 160
Pentyl alcohol, primary, 160

secondary, 160
Pepsin, 498
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Perchlorethyl oxide, 112
Perchloromethyl formate, 106
Percbloronaplithalene, 432
Perchloroplienol, 338
Percldorophenyleue oxide, 338
Peucedanin, 486
Plienanthrene, 440

dibromide, 441
Phenanthreiie-hydroquinone,

442
Phonantbrene-quiiione, 411
Plienetol, 332
Pbenol, eommon, 331
Pbenol-colours, 411
Pbenol-pbtbaleiii, 412
Phenols, 310
Phenoquinone, 341
Pbenose, 345
Pbenyl acetate, 333

alcobol, 331
carbamine, 325
carbimide, 324
carbonate, 333
dicyanate, 324
disulphide, 334
mustard-oil, 324
sulphydrate, 333
sulphide, 334
sulphocarbimide, 324

Pbenylacetonitrile, 383
Pbenylallyl alcohol, 391
Phenyl-amidonaphtlialene,

’

433
Phenylamine, 322
Phenylaniline, 322
Phenylbenzyl carbinol, 421

ketone, 421
Phenyl-butene, 402
Phenylene-brown, 331
Phenylethenyl-methvl ketone,

402
Phonylethyl-methyl ketone,

402
Phonyl-glycolyl acetate, 384

alcohol, 384
chloride, 384

Phenyl-propeno, 391
Phenylpropyl alcohol, 390
Phenyl-rosanilino, 410
Phcnyl-tolyl-mcthane, 418
Phenyl-urea, 323
Phenyl-urethane, 324
Phloramine, 344
Phloretin,461
Phlorizin, 461
PhlorogJucin, 344
Phlorol, 382
Phlorone, 376
Phorone, 306
Phosgene-gas, 64_

Phosphenyl chloride, 321

Phosphorus tricyanide, 61

Phthalic anhydride, 381

Physostigmine, 483
Picoline, 468
Picramide, 336
Picroerythrite, 380
Picrotoxin, 487
Picryl chloride, 336
Pinipicrin, 465

Pinite, 280
Piperidine, 481
Piperin, 481
Piperonaldehydc, 482
Piperonyl alcohol, 482
Platinocyanides, 56
Plumbic chiorotriethide, 132
Plumbic ethide,131
Polychroite, 466
Polyetheiie glycols, 189
Polymerism, 35
PoiKilin, 460
Potassium acetate, 137

croconate, 69
cyanate, 57
cyanide, 51

dichloracetate, 145
ethylcarbonato, 116
ethyls ulijhite, 114
ferricyanide^ 55
ferrocyanide, 53
isosulphocyanate, 60

oxalate, 202
picrate, 335
purpurate, 245
sodium tartrate, 227
sulishocyanato, 59
tartrate, 226

Precipitation, fractional, 173
Propane, 151
Projjargyl alcohol, 276
Propene, 206
Pro

2)ene alcohol, primary, 208
chlorhydrate, 207
dibromide, 207
dichloride, 207
glycol, 207
oxide, 207

Propenyl alcohol, 253
dichlorhj-drate, 255
monochlorhydrate, 254
nitrate, 257
tribromide, 256
trichloride, 255

Propidene dichlorido, 208
Projiine, 276
Propinyl alcohol, 276
Propinyl ethyl ether, 276
Propionaldehyde, 250
Propionitrile, 119
Pro

2
‘>yl alcohol, ]->riman-, 150

secondary, 151
Propyl-benzene, 390
Pro

2
ndenc. 203

Proteids, 491

Proto2
’>ine, 475

Prussian blue, 54
Prussiatc of 2'>('tf'sh, yellow

53
red, 55

Pscudocunieno, 387
Pseudomoiqshine, 474
Pssudotoluidinc, 349
Ptyalin, 498
Purree, 414
Pyrene, 454
Pyridine, 467
Pyrocatechin, 342
Pyrocatechin-methyl ether,

342

Pyrogallol, 343
Pyromucic aldehyde, 282
Pyroquinone, 355
Pyrrol, 282
Pyrrol-red, 283

Q.

Quassiin, 487
Quercetin, 461

Quercite, 280
Quercitrin, 461
Quinhydrone, 340
Quiiiamine, 479
Quinicine, 479
Quinidine, 479
Quinine, 478

sulphate, acid, 478
basic, 478
normal, 478

hydrochloride, basic, 478
normal, 478

Quinizarine, 450
Quinone, 340

Pv.

Radicals, com
2
wuud, 12

dyad, 175
liexad, 278
monad, 75
tetrad, 272
triad, 252

Rangoon tar, 429
Red liquor, l37
Resins, 307
Resorcin, 342
Resorcin-

2
ihthalein, 412

Retenc, 456
Rhoeadine. 475
Robinin, 462
Rochelle salt, 227
Rosocyanine, 486
Rubidine, 467
Ruficarmin, 462
Ruficoccin, 462
Rufio2:)in, 452
Runge’s blue, 407
Rutin, 462
Rutylene, 277

S.

Saccharose, 285
Safranin, 408
Salicin, 460
Salicylaldehyde, 368
Salicjdamide, 369
Salicylic anhydride, 369
Saligenin, 367
Salirctin, 368
Santalin, 414
Santonin, 487
Sapogenin, 465
Saponin, 465
Sarcine, 249
Sarcosine, 200
Scammonin, 465



Scoparin, 464r

Selenium mercaptan, 128
Sericin, 497
Serine, 259
Serum-albumin, 492
Silico-acetic anhydride, 142
Silicoheptyl alcohol, 133

chloride, 133
ether, 133
oxide, 133

Silicondiethyl ether, 133
Silieonmonethyl trichloride, 13:

Silicononyl-compounds, 1 32
Silicontriethyl chloride, 133

hydroxide, 133
Silk-gelatin, 497
Silver acetate, 138

amidacetate, 200
citrate, 238
cyanide, 52
deoxalate, 240
formate, 106
fulminate, 148
mellitate, 404
valerate, 163

Silver-acetamide, 143
Silver-ethinyl-benzene, 385
Silver-succinimide, 221
Silver-propinyl, 296
Sinapine, 482
Sinapoline, 264
Sinnamine, 264
Soap, 172
Sodium acetate, 137

cyanide, 52
ethide, 130
ethenate, 187
ethylate, 108
methide, 100
nitroprusside, 56
oxalate, 203
silicoheptylcarbonate, 133

Sodium-ethinyl-benzene, 385
Solanidine, 485
Solanine, 484
Sorbin, 292
Spongin, 497
Stannic ethide, 131

oxethide, 131
phenyl-triethide, 345

Stannoso-stanic ethide, 131
Stannous ethide, 131

Starch, 292
Stibethyl, 125

chloride, 125
oxide, 126

Stilbene, 419
Stilbene glycol, 420
Stilbyl alcohol, 421

Strymhnine, 476
Styracin, 393
Styrax, liquid, 384
Styrolene, 384

dibromide, 385
dichloride, 384
di-iodide, 385

Styrolyl alcohol, 382
secondaiy, 384

benzoate, 382
bromide, 382

INDEX.

Styrolyl chloride, 382
Styrolyl-ethyl ether, 383
Suberic aldehyde, 270
Substitution, 11

inverse, 70
Succinamidc, 221
Succinic anhydi-ide, 220
Succinimide, 221
Succinonitrile, 219
Succinyl chloride, 221
Sugar of lead, 138

2 Sugar, inverted, 286
Sulphobenzaldehyde, 359
Sulphobenzide, 321
Sulphocarbamide, 69
Sulphocarbanilide, 324
Sulphocarbimides, 60, 80
Sulphocarbonates, 68
Sulphocarbonyl chloride, 69
Sulphocyanates, 59, 80
Sulphur-urea, 69
Synanthrose, 287
Sjmaptase, 498
Syntonin, 493

T.

Tannin, 463
Tatrony1-urea, 244
Tartar emetic, 227
Tartaric anhydride, 226
Tartarus boratus, 227
Taurine, 192
Terebene, 300
TereiAthalonitrile, 381
Teiqiene dibromide, 300

dihydrochloride, 300
monohydrochloride, 300

Terpenes,,298
Terpin, 299
Terpinol, 300
Tetrabromanthracene, 445
Tetrabromomethane, 101
Tetrabromophenol, 339
Tetrachloranthracene, 444
Tetrachlorethyl oxide, 112
TetrachlorisaJ,in, 427
Tetrachlorobenzene, 319
Tetrachlorohj’droquinone, 341
Tetrachloromethane, 101
Tetrachlorophenol, 338
Tetrachloroquinone, 341
Tetrachloroterpene, 300
Tetrahiroline, 461
Tetrahydronaphthalene, 431
Tetrahj’drophenanthrene, 441
Tetrallylammonium iodide,

264
Tetramethy1-alloxantin, 252
Tetramethjdammonium hy-

droxide, 96
iodide, 96

Tetramethylarsonium hyrox-
ide, 98

iodide, 93
Tetramethyl-benzene, 398
Tetramethyl-ethane, 167
Tctramethyl-hexanc, 170
Tetramethyl-mcthane, 164

oil

Tetramethylphosphonium hy-
droxide, 97

iodide, 97
Tetranitroehiysene, 455
Tetranitromethane, 102
Tetranitronaphthalene, 433
Tetraniti'opyrene, 455
Tetraphenol, 282
Tetraphenyl-ethene, 424

glycol, 424
Tetretheneammonium dibro-

mide, 194
Tetrethylarnmonium hydrox-

ide, 122
iodide, 122

Tetrethylarsonium hydroxide,
126

iodide, 126
Tetrethylidiosphonium hy-

droxide, 125
iodide, 125

Tetrethvlstibonium hydrox-
ide, 126

hydroxide, 126
Tetroxethylamine, 190
Tetroxyanthraquinones, 452
Tetroxvtetraphenjd-ethene,

424
Tlicbame, 475
Thebenine, 475
Theine, 251
Theobromine, 251
Thiacetic anhydride, 192
Thio-acids, 81

Thio-aniline, 327
Thioc}'mene, 400
Thiophenol, 333
Thiosinnamine, 264
Thymohydroquinone, 400
Thymol, 400
Thymoquinone, 400
Tin-diethyl, 131
Tin-tetrethyl, 131
Tin-triethyi, 131
Titanium nitrocyanide, 53
Tolane, 422
Toluene, 345
Toluidine, 349
Toluylene, 419

glycol, 420
Tolyl alcohol, 377

chloride, 377
mustard-oil, 356

Tolylamine, 377
Tolylene diacetate, 379

dibromide, 378
dichloride, 378
di-iodide, 379
glycol, 378
monobenzoate, 379

Tolylene-moncthyl ether, 379
Tolyl-phcnyl ketone, 418
Trehalose, 288
Triacetamide, 144
Triacetin, 258
Triacetyl-phloroglucin, 344
Triacctyl-pyrogallol, 344
Triamido-azobenzene, 331
Triamidobenzenc, 327
Tribenzylamine, 355
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Tribromacetyl-iirea, 247
Tribromaniline, 325
Tribrombydrin, 256
Tribromomesitylene, 387
Tribromomethane, 101
Tribfomo

2)beiianthrene, 441
Tribromoi^henol, 339
Tribroniopliloroglucin, 344
TriJ)roino2)yrene, 355
Tribromoi^yrogallol, 344
Tributyrin, 258
Tricai^rin, 258
Tricaj)ronm, 258
Tricaprylin, 258
Tricetylamine, 171
Trichloracotaldehyde, 146
Trichloracetonitrile, 145
Trichloracetyl chloride, 145
Trichloraniline, 325
Tnchlorothane, 134
Trichlorhydrin, 255
Trichlorobenzene, 319
Trichlorocrotonaldehyde, 268
Trichloromesitylene, 386
Trichloromethane, 101
Ti-ichlorophenol, 338
Trichloroquinone, 341
Trichlorotolnquinone, 353
Triehudin, 271
Triethene glycol, 189
Triethediainine, 194
Triethyl carbinol, 169
Triethyl silicol, 133
Triethyl-acetyl silicate, 142
Triethylainine, 122
Triethylarsine, 125
Triethylbismuthine, 126
Triethylborine, 127
Triethyl-carbamide, 123
Triethylguanidine, 123
Triethylhydrin, 257
Triethyl-methane, 168
Triethylphenjdammonium

hydroxide, 322
iodide, 322

Triethylphosphine, 124
oxide, 125
sulphide, 125

Triethyl-rosaniline, 410
Triethylstibine, 126
Triethylsul{ihine, 128
Tri-ioclomethane, 102
Trimethene dibromide, 207
Trimethyl carbinol, 157
Trimethylamine, 96
Trimethylarsinc, 98

Trimethyl -benzenes, 386
Trimethylcarbylamine, 159
Trimethyl-ethyl-methane, 167
Trimethylglycerammonium

chloride, 255
Trimethyl-methane, 158
Trimethylphosi-)hine, 97
Trimethyl-rosaniline, 409
Trinitrin, 257
Trinitro-acetonitrile, 149
Trinitro-amidobenzene, 336
Trinitrochlorobenzene, 336
Trinitrocresol, 351
Trinitro-isoxylene, 376
Trinitromethane, 102
Trinitromethyl-toluene, 375
Trinitronaphthaleno, 432
Trinitrophenal, 335
Trinitropseudocumene, 388
Trinitroresorein, 343
Trinitrotoluenes, 349
Triolein, 270
Trioxethylamine, 190
Trioxindol, 428
Trioxyanthraquinones, 451
Trioxybenzenes, 343
Tripalmitin, 258
Triphenyl 2Aosphate, 333
Triphenylamine, 323
Triphenyl-benzene, 425
Triphenyl-guanidine, 325
Tri2dien3’l-methane, 423
Triphenyl-rosaniline, 410
Tristearin, 258
Trisulphydrin, 256
Tritolylamine, 377
Tropine, 483
Tunicin, 296
Turacin, 487
Turkey-red, 449
Turnbull’s blue, 54
Turpentine-oil, 299

hj-drate, 299
Turpethin, 465
T^mosine, 395

V.

Valeraldehyde, 162
Valerylene, 276
Validine, 469
Vapour-density, 21

Veratrine, 480
Veratrol, 398
Verdigris, 138
Victoria-yellow, 351

Vinegar, 136
Vinj'l alcohol, 275
Viridine, 467
ViteUin, 493
Vulcanite, 302

W.

Wax, 174
Chinese, 174
fossil, 75

Wood-tar, 458

X.

Xanthine, 248
Xylene, 374
Xylenol, 376
Xylidine-red, 411
Xjdohj'droquinone, 376
Xyloidin, 293
Xylol, 374
Xj’loquinone, 376
Xylyl chloride, 377

Y.

Yeast, 497

U.

Umbelliferon, 397
Uramile, 244
Urates, 242
Urea, 65

nitrate, 66
oxalate, 66

Urethane, 117
Urobilin, 489

Z.

Zinc cyanide, 52
ethide, 129
fulminate, 148,

lactate, 209
methide, 99
valerate 163

Zinc-ethyl, 129
Zinc-methj’l, 99
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a more Exact Method, with itsEesults. With an Appendix on the Chemical
and Microscopical Examination of Eespired Air. By Arthur Eansome,
M.D. With Illustrations. 8vo. IO5. CcZ.

REYNOLDS— (J. E.).—A SYSTEM OF IMEDICINE. Vol. I.

Edited by J. Eussell Eeynolds, M.D., F.E.C.P. London. Second Edition.

8yo. 25s.

Part I. General Diseases, or Affections of the Whole System. § I.—Those
determined by a<fents operating from without, such as the exanthemata, malfirial

diseases, and their allies. § II.—Those determined by conditions existing

within the body, such as Gout, Eheumatism, Eickets, etc. Part II. Local
Diseases, or Affections of Particular Systems. § I.—Diseases of the Skin.

A SYSTEM OF MEDICINE. A^ol. II. Second Edition. 8vo. 255.

Part II. Local Diseases (continued). § I.—Diseases of the Nervous System.
A. General Nervous Diseases. B. Partial Diseases of the Nervous System.
1. Diseases of the Hoad. 2. Diseases of the Spinal Column. 3. Diseases of

the Nerves. § II.—Diseases of the Digestive System. A. Diseases of the

Stomach.

A SYSTEM OF MEDICINE A^ol. III. 8vo. 25s.

Part II. Local Diseases (continued). § II. Disea.ses of the Digestive System
(continued). B. Diseases of the Mouth. C. Diseases of the Fauces,

I’harynx, and CEsophagus. D. Diseases of the Intestines. E. Diseases of

the Peritoneum. F. Diseases of the Liver. G. Diseases of the Pancreas.

§ III.—Diseases of the Eespiratory System. A. Diseases of the Larynx.
B. Diseases of the Thoracic Organs.

A SYSTEM OF MEDICINE. A^ol. lAL [To he puhlishcd shortly.

REYNOLDS (0.).—SEWEK GAS, AND HOW TO KEEP IT
OUT OF HOUSES. A Handbook on House Drainage. B}- Osborne
Eeynolds, M.A., Professor of Engineering at Owens College, Manchester.

New Edition. Crown 8vo. cloth. Is. CfZ.

“ Professor Eeynolds’s admirable pamphlet will a thousand times over repay its

cost and the reader’s most attentive perusal.”

—

Mechanic's Magazine.

RICHARDSON—DISEASES OF MODEEN LIFE. Second
Edition. Crown 8vo. 12s. Qcl.

‘

’The hook is in a remarkable degree original, always interesting, often singu-

larly graphic.”

—

Times.

ON ALCOHOL. New Edition. Crown 8vo. l.s.

HYGEIA, A CITY OF HEALTH. [Nearly ready.

ROLLESTON.—THE HARVEIAN OEATION, 187-3. By
George Bolleston, M.D., F.R.S., Linacre Profes.sor of Anatomy and

Physiology, and Fellow of Merton College, in the Univer-sity of Oxford.

Crown 8vo. 2s. Qd.

ROSCOE—Works by Hefey E. Koscoe, F.B.S., Professor of

Chemistry in Owens College, Manchester :

—

LESSONS IN ELEMENTAPvY CHEMISTRY, INORGANIC AND OR-

GANIC. AVith numerous Illustrations, and Cromolithographs of the Solar

Spectrum, and of the Alkalies and Alkaline Earths. New Edition.

18mo. cloth. 4.S. &d.

“We unhesitatingly pronounce it the best of all onr elementary tre.itisc8 on

Chemistry. "—Medical Tiw es.
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SPECTRUM ANALYSIS. Six Lectures, with Appendices, Engravings, Maps,
and Chromolithographs. Third Edition. Royal 8vo. 21s.

“ The lectures themselves furnish a most admirable elementary treatise on the

subject, whilst by the insertion in appendices to each lecture of extracts from the
most important published memoirs, the author has rendered it equally valuable as

a text-book for advanced students.”

—

JFestminster lieview.

SCHORLEMMER—A MANUAL OF THE CHEIHISTRY
OF THE CARHON COMPOUNDS, OR ORGANIC CHEMISTRY. By
C. ScuoKLKJiMica, F.R.S., Lecturer in Organic Chemistry in Owens College,

Manchester. 8vo. 14s.

“ It appears to us to be as complete a manual of the metamorphoses of carbon as

could be at present produced, and it must prove eminently useful to the chemical
student. ”

—

Athenceum.

SEATON.—A HANDBOOK OF VACCINmON. By.
Edwaut) C. Seaton, M.D., Medical Inspector to the Privy Council. Extra
fcap. 8vo. 8a'. Qd.

SPENDER —THERAPEUTIC MEANS FOR THE RELIEF
OF PAIN. Being the Prize Essay for which the Medical Society of London
awarded the Fothergillian Gold Medal in 1874. By John Kent Spenbeu,
M.D., Lond., Surgeon to the Mineral Water Hospital, Bath. 8vo. 8s. Gd.

STEWART (B.)-LESSONS IN ELEMENTARY PHYSICS.
By Balfotjr Steavart, F.R.S., Professor of Natural Philoso2jhy in Owens
College, Manchester. With numerous IllustJ'ations and Chromolithos of the
Sj)ectra of the Sun, Stars, and Nebulae. New Edition. 18mo. 4s. 6d.

THUDICHUM AND DUPRE.—A TREATISE ON THE
ORIGIN, NATURE, AND ALVRIETIES OF WINE. Being a Complete
^lanual of Yiticulture and (Enology. By J. L. W. Thudichvm, M.D., and
August Dupre, Ph.D., Lecturer on Chemistry at Westminster Hospital.

Medium 8vo. cloth gilt. 25s.

“A treatise almost unique for its usefulness either to the Avine-grower, the

vendor, or the consumer of Avine. The analyses of Avine are the most complete
we liaA'e yet seen, exhibiting at a glance the constituent jn-incijiles of nearly all

the wines knoAvn in this country.”— Wine Trade Jieview.

WALLACE (A. R.)—CONTRIBUTIONS TO THE THEORY
OF NATURAL SELECTION. A scries of Essays. By Alftjed Russei,

Wallace, Author of “ The Malay Archi])e1ago,” etc. New Edition.

Crown 8vo. 8s. 6d.

WILSON.—RELIGIO CHEMICI. By the Me George
Wjlson, M.D., F.R.S.E., Regius Professor of Technology in the UniA'ersity

of Edinbmgh. With a Vignette after a design by Sir Noel Baton
Crown Svo. 8s. 6d.

WURTZ.—A HISTORY OF CHEMICAL THEORY from the
Age of LaA'oisier doAvn to the present time. By Au. Wurtz. Translated

by Henry Watts, F.R.S, CrotAm 8a'o. 6.9.

“ The discourse, SlS 3^ resuniS of chemical theory and research, unites singular

luminonsness and grasp.”

—

PaU Mall Gazette.
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LOCKYER (J. N.).—THE SPECTEOSCOPE and its APPLI-
CATIONS. By J. Norman Lockyer, F.B.S. AVitli Coloured Plata ami
numerous Illustrations. Second Edition. Crown 8vo. 3s. &d.

LUBBOCK.—Works by Sir John Lubbock, M.P., F.R.S.,

D.C.L.
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Illustrations. Second Edition. Crown 8vo. 3s. (liA
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SECTS. With numerou.s Illustrations. Crown 8vo. 4s. Qd.
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George Mivart, F.R.S. With Numerous Illustrations. Crown 8vo. 3s. 6d.

RODWELL.—THE BIETH OF CHEMISTRY. By G. F.

Rouwell, F.R.A.S., F.C.S. With numerous Illustrations. Crown 8vo.
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SPOTTISWOODE.—POLARIZATION OF LIGHT. By W.
Spottiswoode, F.R.S. With numerous Illustrations. Crown 8vo. 3s. 6d.

SCIENCE PRIMERS.
Under tire joint Editorship of Professors Huxley, Eoscoe,

and Balfour Stewart.

ROSCOE (H. E.).—PRIMER OF CHEMISTRY. By H. E.
Roscoe, Professor of Chemistry in Owens College, Manche.ster. With
numerous Illustrations. 18mo. Is. Fifth Edition.

STEWART (Balfour).—PRIMER OF PHYSICS. By Bal-
four Stewart, Professor of Natural Philosophy in Owens College, Man-
chester. With numerous Illustrations. 18mo. Is. Fifth Edition.

GEIKIE (Archibald).—Works by Archibald Geikie. F.R.S. :
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PRIMER OF physical GEOGRAPHY. By Archibald Geikie, F.R.S.,
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merou.s Illustrations. Sixth Edition. 18mo. Is.
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J. Norman Lockyer, F.R.S. With numerous Illustrations. Second
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